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Age determination and growth-rate of redfish (Sebastes sp.) 
from selected areas around Newfoundland. 
by 
E. J. Samdeman 
Abstract 
This paper represents part of a continuing study of the 
distribution and biology of marinus and mentella redfish in the 
Northwest Atlantic. Reported here are the results of age 
determinations from the otoliths of :nentella r·edfish from 5 areas 
around l~ewfoundland - Hermitage Bay, Southwest Grand Bank, 
lnemish Cap, Gulf of St. Lawrence and Ha111il ton Inlet Bank; and 
marinus redfish from l!'lemish Cap and hamilton Inlet Ba.n1c. 
The data from i:Iermi tage Bay, in addition to providing inform- :. 
ation on the gro\'lth-rate of the redfish, have provided a means of 
· appraising the basic method of age determination and it is 
concluded that the otolith method, as used here, is valid to ages 
of at least 10 years. 
Grovvth of both marinus and mentella redfish \'las found to be 
adequately represented by the inverse exponential equation, and 
the parameters of the von Bertalanffy form of this equation were 
obtained by a least squares fit to the mean length at age values 
for males and females from each area. 
The difference in growth-rate between the sexes was 
examined and it v.;as found, as wa.s expected, that the females 
sho\'led a faster growth-rate them the males. 
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An examination of the growth curves and growth-rates of 
mentella from different depth levels on Hamilton Inlet Bank 
indicated that a considerable difference in growth pattern 
exists between fish from the shallower and deeper depths, and 
that the fish of the latter habitat tend to remain separate from 
those of the former, at least o.uring the period of active growth. 
Comparisons of the growth curves presented here with other 
published redfish growth curves reveal, in ruost cases, a basic 
agreement between workers using otoliths, and a disagreement 
·. : ~: 
between these workers and others who use scales for determining · · 
the age of redfish. 
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1.· INTRODUCTION 
1.1 Redfish and their s.tatus in the Newfoundland area. 
In the North Atlantic, redfish of the genus Sebastes are 
v1idely distributed. In the Northeastern Atlantic v1aters ·they range 
from the Barents Sea and Norvmy, to the waters off Iceland and 
Eastern Greenland, while in the !;Torth\'lest Atlantic they are to 
be found from Davis Strait down the North Junerican seaboard to 
the Gulf of Naine, as well as along the coast of West Greenland. 
(The area referred to here as the Horthvrest Atlantic may be 
defined as the convention area of The International Cornmission 
of the Northwest Atlantic Fisheries. The eastern boundary line 
of the convention area i'lhich, except near Cape Fare'Vrell, Greenland, 
·o 
ext ends along the 42 \'i. longitude line, divides this defined 
North\'lest Atlantic area from v,rhat will here be called the north-
eastern part of the North Atlantic or simply the Northeastern 
Atlantic.) 
··-:. 
'··. 
It has been customary to think of redfish as occurring only .) 
on and near the continental shelves. However it has long been 
knovm that even adult specimens · were often to be found \'lell away 
from land and above v1a"liers of great depths (Nansen, 1886; Nurray 
and Hjort, 1912). Larval specimens of Sebastes sp. are extremely · l. l 
common over large areas of open ocean and, since -the work of 
Collett (1880), many persons have observed how suitable plan}:ton 
catching gear, when used at the right time of year, can often 
catch many hundreds of redfish larvae and fry. 
1.11 Taxonomic ..12.9si tion 
The taxonomic position of the various members of the genus 
Sebastes in the North Atlantic is rather confused. In the 
.. ~.-s 
.. .. 
. , . 
- - . -. - ""'tii 
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Northeastern area it is generally conceded that three different 
forms are to be found. 
(a) Sebastes viviparus 
This is generally regarded as distinct from its congeners 
in several features, . and is allowed full specific status. 
Sebastes viviparus is usually found in the shallower coastal 
waters, particularly round the south and ~'lest coasts of Iceland, 
round the Faroes and Norway. The species does not _ normally 
occur west of the continental shelf off the western coast of 
Iceland, and only one specimen has been recorded from East 
Greenland waters (Kotthaus and Krefft 1957). Individuals of 
this species are usually under 35 em in length and are of no 
commercial importance. 
(b) .§.!&_astes marinus 
The common commercial redfish of the Northeast Atlantic 
waters prefers the shallower part of the redfish range. The 
distinction of this form from the mentella-form (below) has only 
been made in recent years, and even now fish may be encountered 
which appear intermediate between the two forms in one or more 
characters. 
Current synonyms:-
Sebastes marinus = Sebastes marinus marinus = Sebastes marinu~, 
marinus-type; referred to in this paper as 11European ma.rinus-
type redfish11 • 
(c) Sebastes mentell~ 
The deep-water: or beaked redf'ish, which ar e generally smaller 
than the marinus-type fish, were first noted by Lundbeck (1940), 
who referred to them as 11 Tiefenbarsch11 or 11 Schnabelbarsch". 
Travin (1951) described these r edf ish in detail and provided the 
. ·:; 
:_ .. · 
! . - ' . 
. ... ~::~:· 
·· . .-· .. · 
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Figure 1.2 Typical specimens of adult, male, mentella (upper) 
and marinus (lower) redfish from the Newfoundland area. 
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name above, but other workers have disagreed \'lith the allocation 
of specific status. 
Current synonyms:-
Sebastes mentella .= Sebastes marinus mentella .= Sebastes 
marinus, mentella.-type; referred to in this paper as "European 
mentella-type redfish11 • 
In the Northwest Atlantic, Sebastes viviparus is absent 
and the ecological niche that would be occupied by this species 
is filled by mentella-type fish, which may occur in depths from 
one to about 400 fathoms and thus appear more plastic in their 
depth range than their European counterparts. 
(a) Sebastes mentella 
The typical or common redfish of the Northwest Atlantic 
resembles, in morphometric and meristic features, the European 
mentella-type redfish, and the same synonyms are used in referring 
to it. However, it seems clear there are some differences bet\veen 
these European and North American forms and, until the systematic 
position is clarified, it seems best to consider them as separate 
forms. Thus in this paper I shall refer to them as "North 
American mentella-type redfish11 • As we are dealing principally 
with these fish, it is expedient to omit 11 North American11 , and 
refer to them as ~tella-type redfish or simply mentella. 
Photo~raphs of North American mentella and marinus may be seen in 
Fig.l.2. 
(b) Sebastes marinus 
The presence in the Northwest Atlantic of a form of redfi sh 
resembling the "European marinus-type11 WE!,S noted by Templeman and 
Sandeman (1957). These f ish, which I shall call "North American 
marinus-type redfish11 or just 11marinus 11 apparently do not occur 
. :• 
• f : . ~ 
. :; 
'J 
·· .. ·'"1 '•\· 
. ··, 
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in the southern part of the redfish range and may only be found 
north and east of the general line of Cabot Strait and Laurentian 
Channel. If they occur in a :particular locality, they are generally 
to be found in the shallower part of the depth range occupied by 
mentella. They are not, however, very common and by far the 
greatest part of redfish catches from the area of the Horth1Jtest 
Atlantic south of Labrador are mentella. 
There. is no reason t .o suppose that the North American !!larinus 
are in fact different from their European counterparts, v1hich 
are the main commercial redfish of Europe. 
1.12 The distribution of redfish in the Northwest Atlantic 
The distribution of redfish in the Northwest Atlantic has 
been described by Templeman (1959). 
1.121 North American mentell~-type redfish 
Specimens of mentella have been taken as far north as Lat. 
66°.47' N. on the American side of Davis Strait, where a single 
redfish was taken in a set made at a depth of 200 fathoms 
(Templeman, 1961). Southwards, ·off the coast of Labrador, they 
become more plentiful but it is not until the vicinity of 
Hamilton Inlet Bank is approached that they become sufficiently 
numerous to be caught in commercial quantities. 
The most southerly reported catch of redfish on the eastern 
seaboard of North America is probably that of Goode and Bean (1895), 
who report catching a redfish in a depth of 114 fathoms at 
Lat. J9°.48'~10"N. Long. 71°.48'.40".W. The most southerly 
concentrations of breeding redfish are said by H. · vi. Graham to be 
in the South Channel between Nantucket Shoals and Georges Bank 
(Templeman, 1959). No distinction has been made, in the case of 
these southern records, between mentella and marinus, but from our 
-10-
own studies of the redfish of the Nova Scotian Shelf, it seems 
certain that these fish were of the North American mentella-type. 
Between the northern and southern limits lies a vast area 
of potential redfish habitat, and indeed redfish may be found at 
suitable depths over almost the entire area. A relationship 
betvteen redfish distribution and depth and temperature was first 
proposed by T8rling (1949), who concluded from a study of the. 
distribution of Sebastes· larvae that redfish were not plentiful 
except in areas where temperatures between J°C and 8°C exist in 
depths of about 200-500 m. (110-270 fathoms). Templeman (1959) 
carried the study of this relaticnship to the distribution of 
redfish as caught by otter. trawls on the ' sea bottom, and besides 
agreeing with Taning 's general conclusion, was able to narrow 
the generalisation to the range of J°C to 6°C, or at least to 
areas where temperatures of J°C to 6°C are present in redfish 
depths for a large portion of the year. 
Templeman ( 19 59) '"as also able to show that, in general and 
within the temperature range suited to redfish, depth is more 
important than temperature in the vertical distribution of 
mentella and marin~. He was able to demonstrate that the 
occurrence of marinus as the common redfish of Europe and m&Ptell~ 
as the common redfish of North America was eA~lainable by a 
simple hypothesis based on the preferred tem~eratures and depths 
of the two types. 
1.122 North American marinus-type redfish 
Being so very much less · abundant than the mentella of the 
area, the nor thern and southern limits of di stribution are not 
so v1ell known. Three mari.~ were caught by the research vessel 
A. T. Cameron at 65o.oa• .JonN. 58o.lo•.w· . and depth of JOO f athoms 
. 
: . : 
.. ·.,. 
I ~: '.1·: 
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in August 1959 (Templeman, 1961). On the West Greenland side 
of Davis Strait, !!§!in~ redfish occur in commercial quantities 
as far north as about 69°N. (Tr1=win, Janoulov, Postolaky a.nd 
Zahar·ov; 1961). Jensen (1926) states that specimens have been 
noted as far north as ?lON. 
· The most southerly occurence that we are aware of is, for . 
marinus~ around the 11 tail of the Grand Bank" (about 43 °N.). 
Fishing by the !· T. Cameron on the Nova Scotian Ba~~s has not, as 
yet, revealed any marinus in this area. 
In general, mai~inus can be regarded as preferring the shallower 
part of the redfish depth range and, if they are present 1n an 
area, their depth of greatest abundance is usually at a shallo\ver 
depth than the d·epth of. greatest abundance of the mentella. This 
pattern of depth distribution can be completely disorganised 
during the period of larval extrusion, when the available evidence 
points to a migration of extruding fish to deep \vater. Tliere is 
some evidence that, in the Newfoundland area at any rate, they 
prefer a more rocky type habitat than do mentells. 
1.12) Bathypelagic stocks of redfish 
It has been known .for some time that redfish are pelagic 
and not demersal in their feeding habits (Idelson, 1930; 
Boldovski, 1944). Subsequent workers have shown that this is not 
only true for European marinus-type redfish, on \'Jhich we must 
presume the work of these earlier authors to be based, but also 
for North American mentell a-type redfish (Templeman, 1954; Steele, 
19 57; Lambert, 1960; Ka.shintsev, 1962) and for North American 
marinus-type (Kashintsev, 1962). It is thus not very surprising 
to find that redfish may be present in the open ocean as a 
bathypelagic stock, apparently living their lives completely 
.I 
.. · .. 
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Figure 1.3 Distribution of larvae of Sebastes marinus in the 
centra! and eastern North Atlantic. (After TAning, 1949, fig, 4) 
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divorced from the sea bottom. 
Since the earlier observations of Nansen (1886) and Nurray 
and Hjort (1912) of redfish occurring away from land and over 
water of great depth, . most research on the possibility of oceanic 
stocks has, until recent times, ~een concentrated on the occurrence 
and distribution of larvae. The work of T&ning (1949, 1951) 
and later Einarsson (1960), Hansen and Andersen (1961), Henderson 
( 196la, 196lb, 1962 and iVJS, 1963) and many others has! shown that 
the larvae of redfish are, during ll'iay to July, extremely common 
OV(~r the area of the Irminger Sea and indeed over a large part 
of the North A:tlantic Ocean (Fig • .L..l). Raitt (r1S, 1962) has 
calculated that in the eastern part of the Irminger Sea, between 
16 and 40 million redfish larvae could be present under each 
square kilometre of sea surface. Henderson (1961) suggests a 
figure exceeding 10·0 million larvae under each square kilometre 
for the most prolific areas in April and Hay, and considers this 
figure to be minimal. 
The large numbers of larvae that have been found across 
the open ocean suggest a very large bathypelagic population of 
adult redfish, or a mass migration of ferna.les to the areas of 
open ocean to extrude · their larvae. It is only very recently 
that any light has been shed on this problem, and results of 
particular interest are to be found in the \'Jorks of Henderson 
(MS, 1963) and Zakharov (MS, 1963). 
Henderson (NS, 1963) reports results obtained by hook and 
line fishing from ships at Ocean \'leather Station "A" (Lat. 62°N. 
Long. JJ 0 i·J.) • Although the catches v1ere. not large, some redfish 
were taken in fishing attempts · over a large part of the year. 
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In spite of the fact that of the JO specimens which were returned 
to the laboratory only J were males, the results are indicative of 
a resident population in the area rather than a concentration of 
females present solely for larval extrusion. 
Zakharov (196J) was able to obtain numbers of adult redfish 
(usually 1-4 per set) by use o1' a pelagic trawl over almost the 
\'/hole area of the Irruinger Sea. The most interesting point 
made in both these papers is that the redfish caught in the 
bathypelagic part of the North Atlantic were all mentella-type 
(there were a few intermediate type fish) in morphological form, 
and because the larva~ they produce are more similar in their 
lack of caudal melanophores to the European mentella-type than to 
the North American pentella-type, we must class them, provisionally 
at any rate, as the former. · It is significant that Zakharov 
obtained both males and females and, although the fish vvere all 
., 
large (J2-48 em), both mature and immature fish were present. 
l.lJ Reproduction oi' redfish 
Redfish differ from most other commercial species of fish 
in that they are viviparous. In o~iparous fishes, the spawning 
period is a time when the males and females come together to f?hed 
and fertilize the eggs ,and when very large schools are often formed, . 
thus providing one of the great opportunities for man to harvest 
vast quantities of fish. I n the case of redfish the "spa\·ming perio 
is actually an "extrusion" period when the small well-developed 
vae are liberated. At this time the presence of males is not 
required and schools of "extruding" females may be formed . There 
is some evidence that such schools are sometimes formed in deep 
water (250 - )50 F.), but ·whether or not the birth of the larvae 
. ·.• 
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takes place at these deptl~s . is not kr;.mm. 
The time when fertilization takes place must of course 
come earlier, before the development of the larvae in the parent 
is started. Our own work, as well as that of Hagnusson (1955) 
and Sorokin (1958, 1961), has shoVvn that the period of .sperm 
transference (copulation) occurs several months before the eggs 
are activated and development of . the ova starts •. Sperm may be 
found in the ovary from the time of first copulation. Whether 
these sperm are just being stored for later fertilization of 
the eggs, or whether the developing oocytes have been already 
! 
fertilized and these sperm are those superfluous to re~uirements, 
is not fully understood. Sorokin (1958) has presented some 
evidence pointing to the conclusion that th~ sperm are passively 
stored in the ovary until a change in pH concentration of the 
ovarian fluid triggers their activity, resulting in fertilization 
and activation of the ova. 
In the ·Hewfoundland area, copulation generally occurs in 
the period August-September-October with larval extrusion occurring 
about April-I1ay-June for mentella. · For p1aririus the time of 
copulation could be considered rather similar, but some evidence 
exists that, in some areas at any rate, the time when larval 
extrusion occurs is earlier by a few weeks than that of mentella 
(Templeman and Sandeman, 1959). 
1.2 Age and growth studies in fish 
Of all the various aspects of the biology and life-history 
of a species of fish, one of the most i mportant is that of growth. 
The relative growth rate can, in certain populations, be studied 
without direct referrence to age. 
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However, in any critical study, reference to age is required, 
and thus for most purposes, obtaining the ages of individual fish 
becomes the prerequisite for gro\·rth-rate studies as vlell as 
many other aspects of the life history: age at first maturity, 
average age at first capture by a fishing gear, age composition 
of the population, longevity and others. 
1.21 Hethods of Age :Determination 
In general, two methods are open to the fisheries biologist 
\·rho ,.fishes to determine the ages of samples of a population 
of fish. 
1.211 J?etersen' s Nethod 
This method makes use of the polymodal nature of the length 
frequency distributions of samples containing more t han one age 
group • Because most marine commercial fishes have a single 
rather restricted anr..ual spmming season, and because the lengths 
of the individuals resulting from each spavming sea.son tend to be 
normally distributed, it is often possible, particularly in the 
early years of a fish's life, to o~tain mean lengths for the 
various year-classes, each of which is represented by a mode in 
the polymodal lengtl1 frequency distribution. 
J?etersen used this technique for studying the seasonal and 
annual grov1th increments of plaice before the more direct method 
of age determination (belovT) had been established and, in general, 
the direct methods have largely replaced it. Pet ersen's method 
still provides a useful way of verifying the valid;ity of the more 
direct methods of ageing fish and has been used by redfish workers 
fOr this purpose. 
· , 
. .... •. 
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1.212 Use of skeletal structures 
Host fishes \'Thich live in the oceans of the temperate zones 
are subject to seasonal climatic changes, and although these 
changes may not a11pear to influence the external environment of 
·.:- . 
1 • •• the fish directly, they do exert some effect which usually may be 
.. (i seen in a correlated cycle of change in the internal environment 
of the fish resulting in an increase in metabolism and grol·rth 
during the summer and slow growth du:r·ino: the vrinter. This 
fluctuation in growth l~ate is reflected in all the hard parts of 
the fish. Examination of the skeletal structures of such fish 
:: ;) vlill sho\'l the alternating· bands of fast and slow· gro\'lth. 
This r.1ethod of 
. :. 
ageing fish was used as long ago as 1759, 
. : 
when a clergyman in S"Vreclen aged several species of fish (including 
cod) by counting the maries on the centra of the vertebrae · ·.·,· 
(Hederstrom, 1759). The method was then l s rgely forgotten till 
.it vms rediscovered and critically tested by Hoffbauel~ (1899) 
· ;: 
. /." ..,.,rho described how the age of carp could 'be determined fro!i its 
' ~) .. 
scales. FoJ.lmving Iioffbauer' s paper: a great number of \'mrkers 
e::-::alllined the scales of :matq species, and after quite a controversy : ~ 
between several of tt.e senior biologists of the time the method 
... 
finally became estabJ.ishecl. Van Oosten (1929) and Graham (1929) 
have :provided a very complete revievr of the general met!:od, -vii th 
emphasis on the use of scales, and according to th:~J otoliths ~·rere 
probably first used by Reibisch (1899). . .  : 
If skeletal s t ructures are to 'be used for age det ermination, 
it is essential that t he validity of the method used be established 
for the species, and of ten as \'Tell for the area in \·rl!ich the 
,._ 
; 
population being studied lives. 
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1.213 Other methods 
Several other possible methods of ageing, or at least of 
exa111ining gro1'1th rates, have been used, but with the general 
acceptance of the method using skeletal structures, and more 
particularly-· scales and otoliths, the~e other methods have been 
largely relegated to attxiliary status ana have their main use 
in establishing the validity of the method used. Included here 
might be mentioned such techniques as - marking ·and recapture 
and aquarium studies • 
1.22 The mathemati,cal description of grovrth. 
From a study of the ages and age structure of samples from a 
given population of fish, 'v'le maJ.7 derive t1tro basic quantities; one 
represents the sizes of the fish and the other the ages or time 
required for the fish to attain these sizes. If these two basic 
quanti ties are plotted graphically against. each other, and if 
they prove to be mutually dependent within the limits of the units 
used, the graphical plot \'lill approximate to a ·curve. The curve 
resulting from the plot of size against age is defined as the 
grov1th curve. (The functions . of size most usually studied in 
fish al~e those of \'Ieight and length.) If a gro\·Tth curve can be 
dra.\·m and the variables prove to be mutually dependent, it is 
con•1enient to further analyse the rela ti01:ship between the variables 
and sumi:larise the relationship explicitly in the form of a mathem-
atical equation. 
Once derived, an equation of gro\'rth can greatly facilitate 
the analysis of the. grov1th-curve, as vrell as ma}:e immediately 
avai lable 'all the materiai which c~m be extracted· from it by 
simple mathematical manipulation. 
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Also, in this era of mathematical models and computers, it is 
necessary to summarise the grovrth function mathematically, so 
that it can be easily incorporated into .the ·wider model to provide 
an insight ·into the inter-relationshipa of tee study animal with 
other animals and even. man. 
Hany different equations have been used J.n studying the 
growth of animals and plants. (Summaries may be found in Gray, 
1929; Heda-vFar, 194·5; and more. s:pecifically for fish, Beverton 
and Eolt, 1957*). Host of these eq'l~a.tions have been p1A,rely 
emipirical, and a.l though they are US'l..lally found to fit the data 
adequately, . their parameters do not lend themselves to any 
physiological interpretation and the 11 good fit 11 appears merely 
fortuitous. 
1. 221 The von Bertalanffy growth Equation •. 
One of the most convincing attempts at providing a 
physiolo.gical basis for a growth equation \'las that· of Ludwig 
von Bertalanffy (1934·, 19J8, 1949 and 1957). He recognized 
growth to be the resultant of the two general body processes, that 
of anabolism or building up and catabolism or breaking down, and 
·derived a growth equation i'roi:J. the continuity r elation 
dw = Hs - la'! 
dt 
................... (1) 
*Of particular interest are papers by Richards (1959) and 
Taylor (1962) -vrho consider the complete family of the most 
usual grm1th curves and shO\v how they are related to each other. 
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This difi'erential equation statco that the increase in i'Teight 
per unit time, ~ , is equal to the 'VIeight synthesized per unit 
surface area, H, times the total surface area, ~' less the · 
destruction per unit weight, k, times the total weight, w. 
Ludwig von Bertalanffy assumed that the a:cea of surfaces 
involved in anabolic processes is proportional to the square of 
a lineal' dimension, and that the weight related to the catabolic 
processes is proportional to the cube of the linear dimension. 
s = pl2 
w = qlJ 
\'There 1 is length and p and q are constants of proportionalj_ty • 
(1) dl - .!'!£ k 1 = ( ) Substituting in Ol- Jq- J E- Kl ••••••••••••••• 2 
where H E = !mJ and K = ~ q J 
Integration of equation (2) leads to the von Bertalanffy (hereafter 
called the Bertalanffy) growth equation. 
E (E ) -Kt lt = K - K - Lo e ................ (J) 
where "10 " is the length of the organism at ·zero age and 11 e 11 is 
t he base of natural (Naperian) logarithms. 
"E" As "t" becomes large "lt" approaches K as the limit "Lal' 
(whtch is the asymtotic length, the greatest possible length 
that the organism under the given conditions can attain). 
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. -Kt lt = 100 - (100 - 10 ) e ........... (4) 
It is convenient to consider 10 = 0 when t = t 0 and equation 
(4) then becomes the more usual form. 
lt = Loo (1- e-K (t- to ~ •••••••••• (5) 
The corresponding equation for growth in weight may be 
derived by substituting w in terms of 1 in the above equation • 
w t = \II o o ( 1 - e -K ( t - to ~ . J • • • • • • . • ( 6 ) 
The basic Bertalanffy equations (5) and (6) have been sho~n1 
by many authors (particularily Beverton and Holt, 19.59), to 
adequately represent the growth of many species of fish and it 
is this type of equation that has been fitted to our age-length 
data of redfish. 
Several interesting points arise from a consider ation of the 
basic equation: 
~ -K (t - to)J lt = Lool1- e . 
(a) By simple algebraic manipulation the following simple 
~ relation can be derived. 
'!r -K 
lt+1 = 100 (1 - e-~ ) + lte 
where lt+1 represents th~ length at age t+1 years. 
.. 
' :• 
·=.) 
. . · . \ 
: .· ;· 7 
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This equation is that of a straight line, and the property , 
of a straight line being obtained by the plot of lt against 
lt+1 was discovered independently by l!'ord (19JJ) and 
Walford (1946). 
This transformation .of t:r..e Bertalanffy equation to a linear 
form is utilized in some of the methods used for fitting 
the :Bertalanf'fy equation to a set of age length data 
(Beverton and Holt, 1957; Ricker 1958). 
(b) It is important to ponder just what the various constants 
mean. · L00 represents the final size (asympto~IDlength) 
to v1h:i,ch an individual under specified conditions can attain, 
or v1hen approached from the population standpoint, the 
average final size a sample of the population would attain, 
again under specified conditions. K is a parameter 
expressing the relative rate of approach to L00 and t 0 is 
in reality only a scale constant, the theoretical age at 
which lt and Wt are equal to 0. 
From the physiological standpoint L00 = ~ where E is the K 
coefficient of anabolism and K = ~ where K is the coefficient 
. _ .or.catabolism. 
Beverton and Holt (1957) regard K as independent of changes 
in food consumption, and represent changes in growth-rate 
by appropriate variation of the parameter \'100 or Lao• 
Taylor (1958, 1959 and 1960) has presented some evidence 
to show that K increases with increasing temperature in cod 
(Gadus morhua), in the Pacific razor clam (Siliqua 
patula) and the Pacific cockle (Gardium corbis). However, 
as has been pointed out by Holt (1962), the method ·used by · 
Taylor for determining the constants K and L00 (plot of 
i . : I 
. .. : 
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· lt+i against lt) might well lead to a spurious correlation 
between E and K, for a small chance rotation of the line 
around its mid point vlill simultaneously result in lower 
K and higher 100 values or vice versa. This apparent 
inverse correlation bet\'leen K and 100 has been remarked on 
b;y several authors and indeed, it is not surprising that 
such a correlation exists, for as Knight (H. S. , 1962) has 
shown the correlation is in fact a mathematical consequence 
of the model, as can be seen belo\v. 
The Bertalanffy equation (LJ.) is taken as the starting point 
e 
-K(t+1) 
Subtj.:•acting and rearranging terms \·Te get. 
-Kt -K 
= e (1- e ) . (100 - Lo) 
For convenience let us tclte time zero not as the time of 
birth, but as the time \'ihen Bertalanffy growth becomes app-
licable. Thus puttinc; t = 0 and lt+l - lt = .G ':le get. 
Vlhich may be rearra11.ged to give. 
. . . •:. 
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G 
Loo = -K) 
- e ) 
................. (6) 
where 1 0 is the length of the organism at the time when 
Bertalanffy grov1th becomes applicable and G is the increase 
in length betvreen L0 and the length one year after. 
(c) It is ap-parent that in the Bertalanffy growth eq_uation we 
have a growth formula describing. a growth curve with no 
parameter of growth-rate. Growth-rate is a technical term 
which is usually used rather loosely. · Often, · when 
talking of growth as it concerns populations of fishes, it 
is said that fish f1·om one area grow faster than fish from 
another, merely because at a given age the fish from the 
former area are bigger on the average than those from the 
latter. \'/hile the statement is true, in this case, over 
the total perj.od in q_uestion, the implication that it is 
true over all the sections of time v1hich make up the total 
period is not correct. 
The growth-rate, which in a plot of age against size is 
represented by the slope of the curve at each instant of its 
generation, is, in Bertalanffy type gro\'lth, continually 
changing, and vrhen length is plotted against af,e t he gro\vth-
ra~lie will start fast and gradually diminish a.s t he asymtotic 
length is approached. In gro,·ith v;hich follows the pattern 
of the Eertalanffy eq_uation (4 or 5), the growth-rate is 
directly proportional to the length. of the organism, as can 
be seen from equation (2) in the derivation of the above 
formula. 
. 3 
:) ) 
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~~ =· E - Kl = KLoo - Kl ............. (7) 
To obtain the growth rate in terms of time rathei· than 
length, the original Bertalanffy equation inay be different-
iated to yield 
dl r -K (t-to) dt = I .. Looe ................. (8) 
In both these equations dl represents the instantaneous 
dt 
groi·tth-rate. The ab.ove equations provide a convenient 
means of comparing the groivth-rates of tvro or more 
populations having different parameters K, 100 and t 0 • 
Using equation (7), and considering a plot of* against 1, 
we should obtain a straight line having the intercept on 
the y axis of KL00 and on the x axis of 1 00 • Thus if the 
Eertalanffy equations of a series of growth curves are 
available, the differences in growth-rate between them can 
quickly be seen by plotting KL00 on the y axis and 100 on 
the x axis and joining them to provide the plots of ~~ 
against 1 for each individual growth curve. The s -traight 
lines should of course be dravm only for the values of 1 
for which actual data is available. 
In· similar manner a semilogaritrunic plot of :~ against t 
for equation ( 8) can be used :.'or comparing groivth-rates 
and how they change throughout the lives of different 
organisms , viz • 
log dl = log K + log Loo + Kto - Kt 
. dt 
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and in this case the y axis intercept would be (log K + 
log 100 + Kt0 ) and the x ~~is intercept [log K + lo~ ~~~to~. 
Again the straight lines should only be drawn for the ages 
from \'lhich the :Sertalanffy parameters have been derived. 
Although the former plot (equation (?)) is very much simpler, 
it is deceptive in that it is more customary to think of 
gro\'Tth-rate in terms of age rather than length, Consequently 
in the comparisons of growth-rates presented here it will 
be most often the latter equation that Viill be used .• 
1.222 Methods of fitting the Bertalanffy growth equation. 
The method \tThich is most often used to obtain · estimates of 
the p·arameters of the :Bertalanffy growth equation is. that 
described by Beverton and Holt (1957). In this method the 
Ford-Walford transformation is utilised and the plot of lt+l 
against lt or wl'! against w~/J provides estimate~ of K and 100 . 
An estimate .of t 0 is obtained by converting the usual 
:Bertalanffy equation to its related form (linear in t) 
log (L00 - lt) =log 100 + Kt0 - Kt ••• (9) 
and plotting log (100 ~ lt) against t. This yields a straight 
line .of slope K and intercept (log 100 + Kt0 ), from which the 
theoretical age at which the length of the fish is zero, (t0 ) 
may be calculated. 
Ricker (1958) is critical of the above method, because in 
setting the \'lalford line to the data, both ordinate and abscissal 
values are subject to sampling error causing the points to lie 
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erratically with respect to the line fitted, and also because 
the t\'<'O terminal values are used only once v1hile all others 
are used twice. He prefers to utilise the Walford plot to 
obtain an approximate value for 100 from a freehand curve and 
then to use this trial value in the expression (9) above. 
A graph of log (100 - lt) against t should be straight and the 
straightness is sensitive to changes . in 100 • By making a few· 
trial plots the 100 which gives the best (straightest) line can 
be found, and this line immediately determines K and provides 
an estimate of t 0 • 
Another and very simple but inaccurate method which also 
uses the Ford-i'ialford transformatiol~ is discussed by Knight 
.The data are divided into four consecutive groups 
of equal size (if the data are not divisible by· four, observations 
are discarded from the middle).· The average length is computed 
for each group; and from these averages a three point Walford 
diagram is plotteq and a vlalford line drawn through the end two 
points. n The slope of the line is K where n is the number, of 
observations in each gro~p, and 1 00 may be obtained directly 
from the intersection of the Halford line \·:i th the 4-5° line. 
If v.,e wish to compare the growth curves and e;rowth rates of 
different populations of fish, it is necessary that an ob jective 
method be used to determine the parameters of the different 
equations of r;rov;th. In examining the methods discussed above, 
it is immediately apparent that Ricker's method is subjective, 
and the values of the parameters obtained can depend purely 
on the ·judgement of the operator. The last method is obviously 
very inaccurate and Beverton and Holt's (1957) method is open 
to the criticisms leveled by Ricker (1958) and .Holt (1962). 
' { ··. . . 
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In addition, a further disadvantage of the Ileverton and Holt method 
became apparent when ''Te started using the method for obtaining 
growth equ~tions for redi'ish. In the virgin populations of 
redfish, which '·1e ·were studying, the greatest part of our length 
at age data occurred at old ages and large sizes~ where t he 
asymptotic part of the curve was being approached. Because of this, 
negative values of (100 - lt) occurred quite frequently and this 
affected the second stage of the fitting process when we were 
unable to obtain values for log (Loo - lt) when (10~ - lt) was 
negative. 
The above disadvantage could have been obviated by grouping 
the data or applying an extensive system of smoothing , but in the 
interests of greater objectivity the method was not used. 
A further disadvantage of the three methods that have been 
discussed ~oove is that, although they provide estimates of the 
parameters of the Be:rtalanffy equation, they do ·not provide any 
estimates of the reliability of these parameters. Knight (I>1S, 
1962) has ~ascribed a modification to the techni que of fitting 
a least squares line to the Walford diagram but the method 
requires that e-K approaches one. 
Stevens (1951) has considered the application of least-
squares techniques to the general regression equat ion y = a + Epx 
(the basic family to \'lhich many proposed growth curves belong -
Gompertz, logistic and Bertalanffy among others) and developed an 
iterative procedure for fitting this equation. If · t he values of 
the independent variable (in our case 11 ages11 ) are equally spaced, 
he sho·wed that tables could reduce t he arithmetic load i n calculat 
t he covariance matrix, and provided tables to aid 
of this matrix for f ive, s i x and s even equally spaced values of x • . 
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Pimentel Gom€s (1953) extends Stevens' work above and his 
ovm previous \vork (Pimentel Gomes and Nalavol ta, 1949) in a paper 
in experiments with fertilisers. In this paper he describes a 
procedure for estimating the parameters of the curve 
-c(x + b) 
y = A (1 - 10 ) 
by the method of least squares and follov1s Stevens' (1951) method 
in deriving the variances of the parameter estimates from the 
covariance matrix. 
Iterative techniques, especially \•Jhen convergence is slmv, 
can be extremely tedious, and unless access is available to a 
computer some shortening of the iterative process is desirable. 
This is in effect what was done by Pimentel Gomes (1953) v-1ho, by 
incorporating a constant time interval betw·een each value of the 
independent variable a.nd considering a constant number of 
observations at each of these values, \vas able to eliminete the 
bulk of the tedious iterative calculation in favour of the solution 
of a polynomial using a set of tables. 
This method of Pimentel Gomes (1953) was extended to fit a 
form (Beverton, 19 54) of the Eertalanffy equation for grov1th in 
length by Tomlinson and Abramson (1961), and it is this method 
that has been used throu&hout this paper. 
Like the method of Pimentel Gomes (1953) the method of 
Tomlinson and Abramson also requires that the values of the 
independent variable (ages) be eQually spaced, ana. that there are 
a constant number of measurements VIi thin each (age group). 
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If these conditions are .fulfilled it is possible to compute 
tables to assist in solving a polynomial which yields on 
solution an estimate of the parameter K. Tables have been 
computed by Tomlinson and Abramson for up to 18 age groups, and 
these are used to find the solution to the polynomial by successive 
trials. Once the parameter K is determined it requires only 
simple algebra to substitute this value in the normal equations 
of the function to obtain least squares estimates of L(}o and t 0 • 
\ihen an equal number of observa~ions in -each age group are used 
a true least squares line is obtained if the variances of the 
length at age values are equal. 
Usually a collection of age-length data does not contain 
an equal number of observations from each age group, and in this 
situation Tomlinson and Abramson suggest that either equal sized 
random samples be selected from the age-groups containing a 
sufficient number of observations, or all the data may be used. 
In the latter instance a weighted least squares fitting procedure 
is appropriate, and recourse must be made to a complete iterative 
procedure without the convenience of tables. 
To select equal sized random samples means, in effect, 
discarding data, and with the variation that is apparent in the 
redfish length at age data this \'las undesirable. On the other . 
hand, it was impracticable to undertake the vast amount of i terative 
computation that would be involved in the weighted leas t squar es 
fitting procedure. It was decided to make the most use of the 
best data available and to undertake the least squares fit on the 
unweighted data. 
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Thus instead of the least squares fit to the individual 
points at which length is expressed in terms of ~ge, least-squares 
fits to the mean lengths at each age only have been considered in 
this paper. 
One of the advantages of these methods of fitting the curve 
directly, as opposed to fitting by approximation through trans-
formation, is that the direct methods can provide estimates of 
the variances of the parameters. These variances can be determined 
from the elements of the covariance matrix (formed when. the basic 
information matrix of sums of squares and products is inverted) 
together with the residual variance. The distribution of the 
estimated parameters is, in general, unknown and caution is 
ne.eded in interpreting the variances. Because the least square 
fits have been made to unweighted mean length data rather than 
to an equal number of observations at each age, the variances 
which we might obtain for the para11eters of the fitted equations 
must be considered maximal, and refinenent of the fitting procedure 
will in r,eneral provide lower variances. 
The use of a weighted fit least-squares technique would lead 
to a more rigorous fit and better variance estimates. It is 
interesting to note that Abrams.on ( 1963) has supplied · a computer 
routine for fitting the J3ertalanff'y length curve to age and length 
data from JO or fewer age-classes. Neither equal time intervals 
between ages nor equal numbers of lengths at each age ar e required. 
However the number of lengths for each age group must be at least 
t'\'TO and at most 600. The output includes estimates of 1 00 , K and 
t 0 , their standard errors, and fitted lengths from z·ero to the 
maximum in the sample. The estimates are accurate to at least 
four significant figures, and execution time for a single curve 
ss than 1 sees. 
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1.3 Age determination and growth-rate in redfish 
The first information on the likely growth rate of redfish 
is to be found in the worl~: of Jensen (1922). From a study of 
the sizes of larvae an<i fry in different months, Jensen was able 
to deduce that young redfish would be about 47 - 69 mm in length 
by the winter of their first year. He suggested, on the basis 
of length frequency data which he admitted was rather limited, 
tha.t the fish in age group I would be 7 - 17 em in length, age 
group II, 19.5-30 em and age group III, 31 - 41 em in length. 
Saemundsson (1932) stated that redfish reached sexual maturity 
at a length of 40 em, at \thich time they were 8 to 10 years old. 
To Smaragdova (1936) can be credited the first detailed 
account of age determination in the genus Sebastes. A total 
of 766 determinations were made from scales and 69 parallel 
determinations from otoliths taken from redfish from the general 
area of the Barents Sea. Smaragdova found it easier to determine 
the age by otoliths than by scales, but obtained excellent agree-
:ment between the two methods. He found that ages of 1 - 27 years 
were present in the sa..'llples and t hat the growth-rate was r·ather 
slm'l. ]'rom the fact that fish were present to a length of 57 em, 
it seems lilrely that these redfish were of' the European marinus-
type. 
In 1944, Veschezerov published the results of his invest-
igations into the growth-rate of redfish from the Barents Sea. 
After examining a variety of the bony parts of redfish including 
otoliths, cleithra, opercula and vertebrae, Veschezerov concluded 
that scales were the most satisfactory for age determination. 
Ee presents an age-length and age-weight key derived from the scale 
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readings of J77 redfishbetween the ages of 9 and 24- years caught 
on the western slope of !\1urmanslc Bank and ]'inmark Bank. An 
age-length key for younger redfish (1-10 ;{ears) he derived from 
backcalculation of scales from a special sample of 53 sub-commercial 
./ 
sized fish • Veschezerov's data agreed quite closely with the 
slow growth-rate obtained by Smaragdova. Because of the large 
size of most of the . fish and the shallow depths from which many 
of· the samples were obtained, it is most likely that Veschezerov 
like Smaragdova was dealing \'ii th European marinus redfish • 
During the years 1938 to 1941 Kotthaus had been ·working on 
the problem of age determination in redfish, and due to the 
intervention of the war he did not publish his results till 1949. 
At the time of his first paper (Kotthaus, 1949) he v1as unaware 
of the earlier work of the Russian workers Smaragdova and 
Veschezerov. ·He did however talce issue with some unpublished 
work of Fridrilcsson and Kunne both of whom, using otoliths, had 
expressed the opinion that redfish were slo\ve:i· grovTing than most 
other commercial marine fish (Kotthaus quotes a personal commun-
ication from Fridrikkson who found that in a sample of 85 redfish 
from Icelandic vmters, there \vas one four-year old, 11 em; 
10 five-year .olds, 12 - 14 em; 69 six-year olds, lJ - 19 em; 
and 5 eight-year olds, 16- 19 em.) 
Kotthaus argued that, although very many rings may be 
observed in the bony structures of redfish and in particular on 
the otoliths, only one out of about every three is really distinct 
and it is only this distinct ring which must be counted to provide 
an estimation of the age of a fish. This procedure naturally 
reduced the ages as determined by Kotthaus by a. factor of about 
three, and whereas other earlier \vorkers had obtained ages of 
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of 23 .and 24 for fish about 57 - 60 em, Kotthaus considered fish 
of mean length 56.6 em to be only seven years old. 
This thesis of a relatively fast growth-rate was developed 
further by Kotthaus in an extended paper in 1952 (Kotthaus; 1952). 
The first published attempt at an age and growth study of 
the redfish of the Northv1est Atlantic was by Perlmutter and Clarke 
(1940). These authors used the scale method but, because the 
scales were not clear to read when the fish were greater than 
about 24· em in length, they confined their study to the smaller 
and ·younger fish of the population. With a cut-off size of 
23.5 em, by far the majority of the fish studied were immature. 
Perlmutter and Clarlce made a serious attempt to validate their 
method and they suceeded in showing that, at least during the 
early life of the fish :from ~.;he Gulf of Naine, a single zone of 
narrowly spaced circuli was laid down in the period November to 
Harch of each year. This study shov1ed a vel'y slow growth-rate 
for redfish in the Gulf of Naine • 
Travin (1951) described the new species, the deep-water red-
fish Sebastes mentella, and in pointing up the differences·, between 
it and the normal common redfish of Europe, Sebastes marinus, 
sho\ved growth data for both these forms. Travin' s a.(,es were 
obtained from scales (personal communication) and only average 
lengths at each age a.re presented. These data inchoate that they 
grow at about the same rate to about 4 years of age, and ai'ter 
this mentella grows more slowly until at about 17 to 18 years the 
marinus fish average 8 to 9 em longer than the mente.fu-type. 
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I . 
In 1956 a symposium was convened by the International Commission!. · 
I' .. · for the Northwest Atlantic li'isheries (ICNAF) in v1hich it was 
proposed to examine several of the current "problems" of fisheries 
biology. 
redfish. 
Included among them was the problem of the ageing of 
:Papers, inp.i vidual otoliths and other materials 
helpful to the pr·oblem were all discussed. llr Kotthaus presented 
a written contr:i.bution outlining the main arguments underlying 
his general thesis of a fast growth-rate (Kotthaus, · 1958). 
:Hr Kelly then presented the alternative viewpoint of the slow 
grol·Tth-rate (Kelly and Wolf, 19 58, 19 59) o In his presentation, 
i-ir Kelly showed some excellent plJ.otographs of redfish otoliths 
taken from fish 6t the North\vest Atlantic. All these showed 
clearly defined hyaline zones between \lfhich no sound reason for 
discounting some a.nd counting others could be found. These age 
readings indicated a very slow growth-rate in Sebasteso 
Additional evidence in favour of the slow growth rate 
hypothesis was presented by Rasmussen ( 19 58), v,rho presented and dis-
cussed some excellent photographs of otoliths from Sebastes 
marinus and Sebaste~ viviparus, and by Dr. Templeman who presented 
length frequencies of a group young redf ish i'rom Hermitage Bay on 
the south coast of Newfoundland. This group of fish, \vell 
isolated in length from the larger fish which composed most of 
the catch, \'las followed durint;; 8 research cruises in 1954 and 1955. 
The scales from these f ish, v1hich showed an incomplete first 
year when they were first captured in December, 1953, showed 1 
year in December 1954 and 2 years in November 1955. (Sandeman 
1957' 1958) 0 
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.Although not recorded in papers, two further significant 
contributions are noted by Parrish (1958), the convener of the 
group studying the problem. Dr G. Rollefson presented photographs 
of otoliths prepared by Norway and claimed that it was impossible 
to discriminate between the two types of zones as claimed by 
Dr. Kotthaus. The Norwegian age interpretations agreed sub-
stantially with Nr. Kelly's. Dr. Fridriksson cited examples of 
Seba~~ otoliths on which up to 70 winter zones could be counted, 
and announced he was forced to regard Seba.stes as a very slow-
growing fish. 
The general opinion of the group was that the wide divergence 
in growth-rates obtained by adherents to these two schools of 
thought was, for the most part, due to basic differences in the 
method of interpreting the zones of the otoliths. The group 
noted also that, several times during the meetings, information 
was presented which illustrated substantial differences in gro\'l'th-
rate between stocks of Sebastes in different parts of the North 
Atlantic, and recognised that progress in the racial problem was 
required before real differences in growth-rates between stocks of 
fish and between age-reading techniques could be elucidated • . 
The next great landmark in redfish research was a five day 
symposium devoted entirely to redf ish. This was held in 
Copenhagen in October 1959. Before this meeting, hov,rever, several 
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important papers on redfish ageing and groi•Tth-rate were forthcoming. · i:\j 
Bratberg {1955, 1956a, 1956b) undertook a caref ul study \'l'hich 
validated t he use of scales and otoliths for age determination 
in redfish obtained from tr~ee localities along the coast of Non'l'ay. 
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Steele (1957) in a biological study of the redfish of the Gulf 
of St. Lawrence published growth rates of male and female red-
fish from the otoliths of a sample of 101 fish. Surkova (1957) 
exrunined a total of 4119 mentella-type redfish for age investig-
ations using scales. These redfish were caught in the Barents Sea 
l 
in the years 1953, 1954 and 1955. Sh'e obtained a growth-rate for 
mentella-type redfish from the Barents Sea rather similar to that 
obiained by Travin (1951) • 
. Kelly and \•lolf (1959) added a significant contribution to the 
literature on Sebaste§. of the Northwest Atlantic. . This paper 
·~'ias in · fact an expanded version of Ivir Kelly's presentation to the 
1956 symposium, and the complete paper was preceded by several 
minor .informative articles or ab;:;tracts (Graham, 1953, 1954, 
1955, 1956 and 1957; Anon 195?). . In this paper Kelly and \'lolf 
present conclusive evidence that both on otoliths and scales, 
one and only one hyaline layer or annulus is lai~ down per year. 
Their grov1th curves show an extremely slo1t1 rate of growth for 
the redfish of .the Gulf of Naine. 
In 1956 the vanguard of the great Russian fishing fleet 
arrived in the waters of the Northwest Atlantic . and whereas in 
1955 they had not a single vessel fishing for redfish in the 
ICNAF area, by 1959 their catch bad risen to 155,000 metric tons, 
a figure greater than the amount landed from the area by all 
countries put together in any one year prior to 1956. This 
great fishing effort was accompanied by research effort as well, 
and the results of age determination ·by Russian "VIOrkers of the 
:redfish of the Northwest Atlantic began to . enter the literature 
with the publication of age distribution data (1-.:tarty, 1958; Travin 
1959). 
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At the Redfish Symposium in Copenhagen held in October 1959, 
several papers on the ageing and growth-rate of redfish \'/ere pre-
sented, and once again most of these presented evidence 
supporting the slow growth-rate hypothesis. 
Hansen (1961) summarised his work on small redfish from 
Godthab Fjord, Greenland (Hansen 1957, 1958a, 1958b, 1958c, 1959). 
He was able to sample a population of small redfish 46 times 
between July 1946 and June JOth 1959. The majority of the redfish 
were below 25 em in size and Hansen was able to apply Petersen's 
method and obtain both ages and g;rowth-rates for different year-
~ 
classes to an age of about 7 - 8 years. 
to be very slow (20 em ~n 6 years). 
He found the growth-rate · 
Kelly, in addition to presenting the previously published 
paper (Kelly and \'lolf', 1959), gave an extremely ·interesting paper 
on their studies of tagged redfish at Eastport, r1aine (Kell;r ar.~.d 
Barker, 1961). R.edfish from deep water are extremely difficult 
to tag because they are in such poor condition when brought to 
the surface owing to the expansion of the swimbladO.er gases 
resulting from reduced pressure. Kelly and Barker rediscovered 
a stock of inshore redfish (first reported by Verrill, 1871) and 
were able to tag large numbers of these fish after catching them 
by hook and line near the surface around the docks • He ·was able 
to recapture aloost all these tagged fish at will and some even 
as many as 5 or 6 times. The early tagging data indicated an even 
slower growth-rate than was obtained by otolith studies and thus 
although the tagging data did not validate the latter, they did 
favour the slow growth hypothesis, Subsequent data (Kelly and 
Barkel~ 1963) have shovm that after a considerable check in gro\~th 
... ; :.~ · ' 
. .. , . 
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.. ; 
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of as :niuch as ·three years duration after tagging, normal growth 
~ 
1trils gradually resumed; and this normal growth agreed with the 
growth rate obtained from ages found from otoliths, Graham 
(N.S., 1963) reports on these same tagging experiments, and 
indi'cates ·that the subs~itution of plastic dart tags for the 
Petersen discs used earlier resulted in no measurable check in 
growth with tagging and a gro\>Tth rate which was very close to that 
obtained from otoliths, 
Fur·ther evidence supporting the general .conclusion of a 
slow growthrate in Sebastes was reported by Sandeman (1961) for 
North America...."1 mentella-type redfish, for European mentella-type 
by Surkova (1961), and for Sebastes viviparus by Trout (1961), 
Kotthaus, who was present at the meeting, did not make a 
contribution to the discussion of the age and growth problem. 
The group agreed "That for the study of po.pulation dynamics the 
conception of the slo\·r growth of rnarinus and mentella, as advocated 
by a number of the experts, should be accepted11 (Rollefsen 1961). 
Subsequent to the symposium a. f ew significant papers have 
appeared, probably the most important of which \'las that by 
Surkova (1962). In this paper Surkova sho\'rs average length at 
age values for mentella redfish from several areas of the Horth 
Atlantic including divisions of ICNAF Sub areas I I and III(Fig 1.1 
shovrs the ICNAF Sub areas as ·well as other place names and 
localities mentioned in the text). Zakharov (.1962) studied.·the 
growth of mari nus-type redfish from \'lest Greenland and obtained 
a growth rate slower than Travin (1959) found for t he Barents Sea 
and Hansen (1961) for the younger fish in the coastal fjords of 
West Greenland. 
:'.} 
-40-
Some interesting additional data are provi.ded by Hansen ( 196J) 
who reports on his tagging experiments of redfish in Godth&b 
Fjord*. By 196J he had obtained 66 recoveries which were usable 
for providing data on growth, and the table below shows the 
average growth increments for the periods between tagging and 
recapture. 
Years at large 
No of specimens 
0 
10 
1 
JJ 
2 J 
12 10 
Increment-limits (em) 0 - 1 0 - J 0.5 - J 0 - 5.2 
Mean Increment 0.6 0.8 1.9 1.1 
4 5 
1 
2 
Although the sizes of the fish a.re not given, a slow growth-
rate is indicated. 
* (A preliminary account of these tagging operations had been 
presented at the 1959 redfish symposium- Hansen, 1961.) 
: •• ~ · ·'!' 
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1 .• 4 Materials and Methods. 
This study is based, with. the exception of Hermitage Bay ·where 
scales were. also used, on the examination of otoliths. The 
validation of the method used to obtain the ages of the fish, and 
the associated development of the age reading techniques, are to 
be found in the section concerned v;i th Hermitage Ba.y. A large 
part of this section has been taken from Sandeman (1961). 
The general localities of the areas where tl~.e samples of fish 
. used in this study were obtained, is sho\'111 in Fig.l.l. At each 
of the localities redfish were o'btained by otter trawling, the 
required samples separated from the catch by a sampling procedure 
and the individual fish examined at . sea or in the laboratory to ob-
tain the requisite data. In ruost cases the following data were 
obtained from each fish: length, sex, and maturi~y, and the 
otoliths were removed for subsequent examination. 
All fish lengths r·eported here are 11 fork lengths", the 
measurements being taken from the anterior tip of the lower jaw, 
with the mouth closed, to the end of the median caudal rays. 
For age reading the scales were cleaned in a solution of 
sodium peroxide and mounted in a gum-arabic solution, on a glass 
slide, under a coverslip. The winter zones were counted after 
an image of the scale was projected on to a vrhi te surface by a 
standard scale projector. As only very occasional otoliths were 
"clear" enough to be r ead whole, all otoliths were cracked 
transversely before being examined under a binocul ar microscope 
(lJx). The cracked surface of the otolith, moistened with 95% 
ethyl alcohol .or immersion oil, was usually viewed by reflected 
light, with all the otolith surface other than the cracked 
······-·-· .. -... ·------------- ----.--------.. --:·-.. 
-42-
surface shielded from the light. For the otoliths of the oldest 
fish it was usually necessc:_ry to use a higher magnification (JOx) 
to distinguish the many fine zones at the outer edge. 
Unless stated to the contrary, all age determinations were 
made by the author. 
For most of the data here, Bertalanffy growth curves were 
fitted to smoothed mean length values at even ages between stated 
upper and lower limits. ~'hese limits \'i'ere determined by the 
range of data avc:.ilable for the fit, bearing in mind tha.t -ilhe 
method of Tomlinson and Abramson (1961) requires that there be 
no gaps in the consecutive ages used, and that the tables only 
allow a total of 18 groups of ages to be used in the fit. 
Smoothing was accomplished by use of the formula 
It = t < lt-l I 2 + lt + lt+l I 2) 
where lt is the smoothed mean length at the even age t and lt 
is the observed mean length at the same uge. Occasionally, 
\'/here there wer·e gaps in the unsmoothed data , the formula vvas 
suitably modified to provide the requisite interpolation. 
Where growth curves are presented in Ji'it,-ures, the thicker 
line shows the range of ages to which the curve v1as actually f itted, 
while the thinner line indicates the extrapolated curve. 
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2. Hermitage Bay 
2.1 IViaterials and l:·iethods 
The fish used in this study were all obtained by otter 
trawling in Hermitage Bay on the south coast of Ne\V'foundland (Fig. 
j._.1,). · This b.ay is funnel shaped, about 7 miles wide at the mouth 
·with the outer part narrowing dO\m over the course of some lJ miles 
to a width of 1 mile • From there it continues inland as a :ri'arrow 
cleft, varying in width from J/4 to li miles before finally termin-
ating a further 11 miles inland. The edges of the bay are steep, 
and deep v.rater (200 m.) extends over most of the area to very 
close inshore. Redfish may be caught over the entire deep-,V'ater 
area and, even after the bay narrows to a width of 1 mile, catches 
of J,OOO - 4,000 pounds (1,360 - 1;820 kg.) per 30-minute haul of 
redfish ·have been obtained only 2 miles from the end of the bay. 
Hermitage Bay is apparently well suited to redfish, and in 
the tvro years before the bay was closed to the larger trawlers 
(at· the Confederation of Newfoundland with Canada in 1949) over 
7 million pounds of redfish were taken from the outer part and 
just outside the bay. There is no shallow bar at the mouth and, 
although the temperature of the 1;3urface and intermediate layers 
of water are subject to considerable seasonal variation, the 
temperature of the bottom water, 'Vfhich is likely of Atlantic origin, 
has remained within rather narrovr limits and at depths between 
250 and 300 m. has v~ried only between 4.5° and 6.o0c. during the 
six years when detailed hydrographic data have been obtained. 
! 
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The vast majority of the hauls were made in a rather 
restricted area of about J square miles in the depth range lJO -
145 fathoms (2J8-265 m). A few hauls outside this area, but 
still \'iithin an area of about 14 square miles and in the depth 
range 120- 180 fathoms (220- JJO m), have also been included. 
The variation in the catches between the extremes of the depth 
range may be considerable, both in catch :per unit effort and in 
length-frequency distribution, but in this examination of age 
and growth it is considered that this variation is of little 
importance. 
In the area where most hauls were taken and where the depth 
range was lJO- 145 fathoms (2J8- 265m), the fish are almost 
entirely of the typical mentella-type. This is illustrated 
by the fact that in some 170 hauls made during the year 1958, only 
J6 marinuf!-type fish were taken as compared with over 147,000 
men tell~. In depths at the shallow end of the complete depth 
range and over a more rocky bottom, marinus \'rere found to be 
slightly more plentiful, but were still outnumber·ed by far by the 
normal typically mentella form • 
.. 
It is thus considered that the 
rate of growth reported here may be regarded as a preliminary 
estimate of that of the North American mentella-type redfish. 
2 • 2 .Growth-rate of juvenile fishes 
2.21 Examination of length-frequencies (Petersen's method) 
Hansen (1957, 1958 a, b, and c and 1959) has reported a very 
interesting series of length measurements of small redfish from 
Godthgb and Tunugdliarfik Fjor ds taken during various months of 
the year from 1952-1957. 
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20 1\ 
10 L__\ 
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DECEMBER 1953 
(31 !='ISH) 
JUNE 1954 
(137 FISH) 30 (\ 
~~ _ _J_l ----.... ~-·----+-
20 [l :;EPTEMBER 1954 
10 (78 FISH) 
'k - ,........ "-<------+-
DECEMBER 1954 
10 
0· 
30 
20 
10 
0 
(191 FISH) 
6 8 10 12 14 16 18 20 
LENGTH (Centimelru) 
Figure 2.1 Length-frequencies of 
small redfish (sexes combined), 
caught in Hermitage Bay, 1953-1957. 
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These measurements illustrate the progressionof the modes of 
different year-classes, and allow an estimation of the growth-rate 
during the early years of the fish's life. 
extremely slow rate of growth. 
These data show an 
A similar series of length measurements of small redfish 
taken in Hermitage Bay during various months of .the year from 
December 1953 to November 1955 has been reported by Sandeman 
(1957, 1958), and this series was continued in somewhat less detail 
during the period 1956-1959 (Sandeman, 1961), and in later years 
the population has been sampled once per annum. 
The small fish were caught by means of a No . 35 or 35A* 
otter trawl, the cod-end of '\vhich was lined or covered with either 
! 11 mesh nylon or 3/8 11 mesh cotton netting. 
During the years 1953, 1954 and 1955, all fish with lengths 
of 15 em and under were separated from the catch and measured to 
the nearest mm. 
In Fig 2.1 the measurements }lave been combined in 0.5 em 
groups and the numbers of fish occurring in each 0.5 em group have 
been expressed as percentages of the total number of fish 15 em and 
under. In 1956 all fish with lengths of 20 em and under were· 
separated from the catch and measured in. 0.5 em groups. The 
measurements have been plotted in 0.5 em groups, and the numbers 
of fish in each 0.5 em group have been expressed as percentages of 
the total number of fish 20 em and under. In 1957 no special 
attempt was made to separate the small fish, and they were 
measured to the nearest centimetre as they occurred in the complete 
catches or i 'n random samples of the complete catches. 
*The No. 35A otter trawl is a modified No. 35 trawl, but in both 
nets the \V'idth of the mouth of the net is the same, the headline 
having a length of 50 feet (15.25m). 
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FEMALES ..... .. ....... . 
Figure ' 2.2 Length-frequencies of all redfish 
caught during trips to Hermitage Bay, 1954 to 
1962. (Only sets in which a fine meshed cover 
was used have been included). 
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In Jl'ig 2.1 the 1957 data have been plotted in centimetre groups 
and are expressed as percentages of the total number of fish 
20 em and under. 
The progression of the modes from December 1953, through the 
subsequent months and years to 1956 can clearly be observed in 
]'ig 2.1. This is particularly so, since the dominant group 
represents a single year-class. 
In 1957 this dominant group of small redfish cannot be so 
easily discerned and by 1958, 1959 and later it had, to a great 
extent, lost its identity, having started to merge with the peak 
above it. During these ·latter years the group can no longer be 
isolated, and must be examined in relation to the length-frequency 
of the complete catch. 
Fig 2.2 shows the length-frequencies of the complete catch 
in terms of numbers of fish caught per .hour at each centimetre 
group during selected trips for the years 1954 - 1962. The 
catch per hour is based on the catches of a J.IIo. J5 or No. J5A 
net having the cod-end covered with i inch nylon or J/8 inch 
cotton netting. The trips have been selected to be representative 
of that period oi' the season&.l cycle when largest catches are to 
be expected in the area (June to September). The merging of the 
group of small fish v.1i th the peak above it can be observed, and 
it appears that this group is exerting a considerable influence 
on the fish which make up this peak. 
2.22 Gr.owth-rate from scales and otoliths . 
Although many workers have used the otolith or scale methods, 
or both, for estirrwting the ae:es of r·edfish, fe\·T have had good 
opportunities for checking on the validity of the method used. 
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Because the divergence of opinion between those who favour a 
slow growth-rate and those \'lho favour a fast gro,..;th-rate is due, 
most likely, to the different methods of age estimation, the 
establishment of the validity of the method used becomes of the 
utmost importance • 
Perlmutter ; .. and Clarke ( 191+9), after examining the scales of 
redfish obtained .from the Gulf .of Naine during various months 
of the year, have shown that, in a single year, the scales reveal 
but a single zone of widely spaced circuli followed, during the 
period November through l".iarch, by a zone of closely spaced circuli. 
North .Ame:i'ican biologists have also found that for redfish 
of the Gulf of Haine (.Anon, 1957; Kelly and 'l'iolf, 1959) growth 
of the otoliths shows but a single pair of opaque and hyaline 
zones to be formed during a single year. 
Bratberg (1956) has· shown, by examination of the otoliths from 
samples tajcen from a stock 'of . juvenile fish at various intervals 
throughout a period of over a year, that one opaque and one hyaline 
zone constitute an annual ring, and that the edges of the scales 
wer·e found to correspond to · this, a single band of broadly spaced 
circuli follovred by a single band of narro\vl y spaced circuli 
making the scale groY.rth for a single year • 
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DATE CAUGHT AGE mm LENGTH SEX 
JUNE 1954 
8·8 CM ~ 
JUNE 1955 
2 
CM. cJ' 10·7 
JULY 1956 
3 
14·0 CM. 9 
JUNE 1957 
4 
15 ·6 CM. 6 
AUGUST 1958 
5 
19 CM. 9 
JUNE 1959 
6 
20 CM. 0 
AUGUST 1960 
7 \ ' 
27 C M. ~ 
MARCH 1961 
8 
2 4 C M. ~ 
IN TIU. SliMMi:.R OP ii.AC!I YUR, 1954 TO 1961, 
v... :.L.Y A! D Hi: C!D -Si.C riO. 15 
'll._.:.J t!Elli. • C&U.S .\1\0. ALSO HO'il. FOR riik. SA! 
Fl H FOR " Yt.A 1954 TO 1957, 
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The group of small redfish, which has been follovred for a 
number of years in Hermitage Bay, Ne,'lfbundland (Fig 2.1), has 
also revealed that during a single year scale growth shows only 
the formation of a single band of' widely spaced circuli followed 
by a single zone of narrowly spaced circuli (San~eman, 1958; 1961). 
This group of fish has now been followed for 10 years, and although 
it becomes rather difficult to distinguish between the zones of 
the scales after the fish- are about 4 years old, the otoliths 
have remained r·elati vely clear, end in each successive year a 
furthe~ pair of zones, a hyaline and an opaque, can be observed 
to have been laid down.* The duration of the period in which 
. ' 
the different zones are formed is somewhat variable, apparently 
depending on the characteristics of the water and food during the 
different years, but -in general -the op~que zone of an otolith 
is laid dovm between April - 1\fay - June to September - October -
November, and the hyaline zone from September - October - November 
to about April - Hay - June. 
2. 23 Ages of the small redfish .1£om Eermi tage Bay; 
The small redfish in Hermitage Bay first appear on the bottom 
during the winter months v;hen they are about 60-80 mrn in length. 
It is perhaps worthy of comment that at this time of the year 
the water column above is almost uniform in temperature from top 
to bottom, and the characteristic cold water intermediate layer 
(-1.0° to 1.0°0), which throughout the remainder of the year is 
ah1ays present to a greater or lesser extent, has been dissipated. 
*Fig 2.3 shows a selection of better otoliths taken :from redfish 
of this dominant year-class in the summer of each year 1954 to 1961. 
Scales are shown from the same fish for the years 1954 to 1957. 
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During the winter in which they first make their appearance 
on the bottom, the first indications of a definite hyaline zone of 
the otolith and the first zone of na.rro\'rly spaced circuli on the 
scales may be observed. It is not, however, known for certain 
whether or not this 1st zone of narrowly spaced circuli of the 
scales and the first definit~ and clear hyaline zone of the 
otoliths really represents the first "winter" of the fish, and 
whether the extensive growth from about 7 mm in May - June, when 
the larvae are extruded, to 60-80 nun in December takes place 
during the first year of life of the fish, or whether the pelagic 
period of its post-larval life extends over a period greater than 
a year. 
Whether the fish are in their first year of life or older at 
the time of formation of the 1st hyaline zone of the otoliths or 
1st zone of narrowly spaced circuli of the scales does not affect 
the use of otoliths and scales for the determination of age, and 
provided the age -determination is consistently referred to the 
easily distinguishable 1st . _definite hyaline zone of the otolith 
and the equivalent first zone of narrowly spaced circuli of the 
scales, the determination of age from otoliths and scales may 
proceed. 
All the ages used in this paper are referred to the 1st def-
inite hyaline zone of the otoliths and the corresponding 1st 
zone of narrowly spaced circuli of the scales as being the 1st 
"winter" zone of the fish's life. Thus a fish caught in December 
having scales showing only widely spaced circuli with no zone of 
narrowly spaced cir·culi, and otoliths with only an opaque zone 
would be considered as in their first year of life or Age O. 
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DECEMBER 1953 
(31) 
JUNE 1954 
(135) 
SEPTEMBERI954 
(76) 
DECEMBER 1954 
(189) 
APRIL 1955 (239) . 
JUNEI955 
(205) 
AUGUSTI955 
( 152) 
NOVEMBER 1955 
(150) 
DECEMBER 1955 
(104) 
APRIL - MAY 1957 
(145) 
JUNEI957 
(154) 
0 I 2 3 4 5 6 7 
AGE (YEARS) 
Figure 2.4 Age-frequencies corresponding to the length-
frequencies shown in Fig. 2.1. The numerals in parenthesis 
indicate the numbers of fish, the otoliths of which were 
examined for age determination. 
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The ehd of each zone of "winter" growth is coincident with the 
"birth date" 6'!D the fishes and thus a straight count of the 
number of complete "winter" zones provides the estimate of age. 
Because so little growth takes place during the months January 
to Ivlay, it is convenient to regard the birth date as i n the 
previous January so as to put the estimated ages on a calendar 
year basis. 
In the years 1953-1957, random samples, uoually of about 
150 fish, were obtained from the small redfish caught during each 
trip to Hermitage Bay. These fish were usually measured to 
the nearest millimetre before being )?reserved in 95% ethyl alcohol 
'for later examination at the laboratory. The scales and otoliths 
were subsequently removed and preserved in vials containing 95% 
ethyl alcohol. 
For the younger fish (to about 4 years of age) the otoliths 
and scales were read i~dependently,' and the f ew age estimations 
which did not agree were re-read and argued . to best agreement. 
In the older fish of the series no recourse was made to the scales, 
and tvm independent age estimations from the otoliths served 
the same function. 
Age-frequencies, corresponding to the length-frequencies in 
Fig. 2.1 are shown in Fig. 2.4. These have been expressed as 
percentages of the fish, 15 em and under, occurring iri. the sample 
during 19.53, 1954 and 19.58, and percentages of the fish 20 em and 
under, during 19.56 and 1957. 
These age-f requencies emphasize the f act t hat t he group of 
small fish is made up of a si ngle year-class v1hich, f or several 
dominates t he year-clas ses both above and below i t, and t hat, 
the four years following the settlement of this dominant 
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DATE CAUGHT (YEAR, MONTH) 1953 YEAR CLASS 
Figure 2.6 Growth of th.e group of young fish · (1953 year-class) 
in Hermitage Bay, as shown by the mean length of the year-class 
at the time of catching. Only the curve for the males has been 
drawn. 
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year-class, only very few fish of more recent year-classes have 
succeeded in _settling to the bottom in this area. 
The dominance of the 1953 year-class can be more clearly 
seen in l!1ig._ 2. 5 where the length-frequencies shown in ]'ig. 2.1 
for June or July 195~·-1957, have been broken down to show year-
class composition at each length group. The length-frequencies 
are presented as histograms and, for the sake of clarity, only 
the 1951 and 1953 year-classes are sho\vn separately, all other 
year-classes heing combined together. The cominance of' the 1953 
year-class is quite striking. The mean lengths of the fish 
of this dominant year-class have been calculated at each time of 
sampling, and 1!1 ig. 2. 6 indicates the rate of g:rowth of this single 
year-class during the period 1953 to 1959. The mean lengths of 
the fish of this dominant year-class were calculated for most 
samples from measurements made before preservation in ethyl 
alcohol. For a few samples, only measur_ements made after 
preservation vrere available, and in these cases the Inean lengths 
of fish after pr·eservation have been converted to mean lengths 
of fish when fresh. During 1954, 1955 and 1956 sufficient 
samples were obtained at different seasons of the year to illustrate 
the seasonal gro\'lth cycle, but in the more recent years adequate 
sampling of the year-class by nets with fine meshed covers has 
been restricted to but one or two trips, and the seasonal cycle 
cannot be recognized. 
Fig. 2.?(a) shows the growth curves for these same fish, but 
here the data :for the years 1960 and 1961 has been added and 
only one mean length is shown for each year, this being chosen 
from the nearest sample to June 30th. 
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The curves in this figure are those of the J3ertalanffy growth 
equation fitted to the mean lengths of ages 2 to 7 by the method 
of Tomlinson and Abramson (1961). 
The Bertalan:t;fy gro\•lth equations are as i'ollo\'IS:-
Nales. lt 31 t 1 - -.17 ( t '+ _.4) } · = e 
lt 43 [ 1 - -.10 (t + • 7) ~ = e Females. 
Because the curves have been fit~ed to the length data for 
so few and such young age groups; the parameters ·are rather 
meaningless and this is shown up when the constants of the 
Bertalanffy equations are examined in conjunction with their 95% 
confidence limits. 
Parameter JYiales 1!1 ema.les 
Loo Jl + 28 4J ± 95 
K 0.17 ± 0.35 0.10 ± O.J7 
to 0.4 + 1.6 0.7 + 1.7 
Considering the very high standard errors i nvolved, it is 
remarkable h0\'1 well the curve of best fit for these young fish 
agrees with the curves for ·t he olde~c f ish which are derived 
later. 
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2.3 Growth of the larger fish 
2.31 Examination of length-freouencies 
The length-frequency distribution of the fish in Hermitage 
Bay, as observed during the years 1953-1959, is characteristically 
tri-modal (Fig 2.2). In addition to the group of young fish, 
tentatively regarded as the 1953 year-class, a second group, 
having a mode at 22~23 em for males ancl 24-26 em for females, has 
shown up consistently during the years 1954-1957. The other 
peak, which for males is well defined at 36cm, is not so clear 
for the females b~t it can usually be recognized at 38-40 em. 
A further peak, intermediate . in position to. the two already mentioned 
occurs occasionally. (It may be seen in the length-frequencies 
shown for 1954 ·in l!,ig. 2.2) The sporadic occurrence of this peak 
continues to be perplexing, particularly as its appearance and 
disappearance may occur over a very short period of time. 
It has been shown that, for the juvenile fish, the progress-
ion of the modes of the length-frequencies, althqugh rather slow, 
is easily discernible, particularly Vlhen consecutive years are 
considered. An examin~tion of the length-fre~uencies fo~ all 
sizes of fish in the catch (Fig. 2.2) does not reveal any easily 
discernible progression of the two major peaks of the large fish 
:durine; the nine years for which data are shown. Some progression 
can be seen in the lov,rer of these two peaks (males at 22-23 em and 
females at 24-26 em) during the years 1954-1957, but in 19.58 and 
later this progression is disturbed by the merging of the 1953 
year-class with this group. The peak for large males, which is 
particularly '·Tell defined, remained at 36 em for the 9 years 
:1 ~ ; r JJ?PO· 
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shown, and indeed also appeared at the same length group during 
catches in 1947 and 1948. The corr·esponding peak for females, 
· although not so clear, also appears to have remained stationary 
years. 
The very sliGht progression of the peak with modal lengths 
22-23 em for males and 24-26 em for females and the complete 
of· movement of the peak for the .large fish are suggestive 
of a very slow growth-rate, with -the oldest fish attaining a 
final size after which no further measurable growth ·in length 
ensues. The relative immobility of the latter peak is interpreted 
as due .to the combined effect of the practically negligible 
growth that would occur in the fish of considerable age, and the 
piling up of a large number of year-classes within the single 
peak. 
2.32 Age estimation and growth-curves from otoliths 
Although during the early pa37t of the fish's life· there is 
considerable evidence that the annual pattern of otolith gro\'lth 
consists of the formation of a single pair of zones (one hyaline 
and one opaque), this definite evidence is lacking for the older 
fish. To extrapolate this principle to fish v1hich are older, 
and in most cases sexually mature, is perhaps to invite criticism, 
but in the _apparent absence of any real evidence of 11 split rings" 
(Graham et al 1954, Trout 1954, 1958) or spavming zones (Rollefsen 
1933 and 1935), and failing any other metbod. of obtaining 
consistency of reading, each hyaline zone, whi.ch may be traced 
along the shorter axis when the cross section of the otolith is 
examined, bas been regarded as representing a further year of life. 
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Checks or false hyaline zones do occur and may often be seen in 
the otoliths of the small fish of the 1953 year-class. In 
following this year-class, it has been noted that i t is only the 
true hyaline zones 'vhich may be traced alorl{; the short axis, and 
that the false hyaline zones or checlcs, when traced round to the 
short axis, disappear or combine with the true hyaline zone. This 
can also be seen in the photographs of the otoliths of both 
Sebastes marinus and Sebastes viviparus shown by Rasmussen (1958). 
Ages have been estimated from samples of otoliths obtained 
from Hermitage Bay during trips in 1953, 1957, 1958 and 19.59. 
Although these samples were obtained in different months and 
years, it is convenient, because of the large variety in ages 
occurring and the necessity of separating the males and females, 
to combine the samples in order to provide even an approach to 
an adequate total sample.- Age estimat ions have been made from 
the otoliths of a total of 903 fish, of which 205 fish were of 
the 1953 year-class . As this year-class appears to have shovm 
abnormally f ast growth during the firs t 4 years, and its numbers 
are so great relative to the other fish, these fish have been 
excluded in deriving the mean grov1th curves shown in Fig. 2.7(b). 
Thus these curves are based on age estimations from the otoliths 
of J66 males and J32 females . 
The curves shown in ~1ig . 2. ?(b) are Eerta.lanffy growth curves 
fitted to the smoothed mean length values for even ages, for 
ages 6 to 40. The parameters of t hese curves together with 
their 95% confidence limits are sho\m below. 
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Parameter 1-1ales Females 
---
1oo 35:•2 + 1.'0 39.7 + 0.9 
K 0.119 .±. 0.028 0.113 + 0.019 
to -0.3 ± 1.6 O.J + 
-
1.0 
It is evident from these figures above that we have extremely 
good estimates of the :Bertalanffy para.llleters. The very low 
standard error for 100 reflects the fact that we have data 
extending to the region of the asymptote and are not forced to 
extrapolate well beyond the range of the data to obtain an 
estimate for this parameter. 
As pointed out already the resemblance between the fitted 
curves for the larger and older fish and those derived from the 
mean lengths at age for the 19.53 year-class, which we have follo\'led 
year by year and thus can age them accurately, is very close. 
This resmeblance suggests some measure of confidence in the method 
of age deten11ip.ation and the age estimates obtained by it as 
applied to the older fish of the population • 
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3. Southwest slope of the . ..Ql:and Bank 
3.1 Haterial and methods 
The Fisheries H.esearch Board of Canada research vessel 
Investigator II devoted considerable time in 1947 to exploratory 
fishing in the area of the southwest slope of the Grand Banlr, 
and in the course of .8 trips to the area a total .of some 450 
fish were brought back to the laboratory for examination. l'lost 
of the fishing, however, took place in shallovr water (for redfish) 
and the greatest depth fished was 115 fa'lihoms. Although we 
have later data for the ar~a, the data presented here is for 
1947 only. It was hoped that this data might yield information 
on the natural mortality rate, for prior 'to 1947 less than 500 metric ;· 
tons of redfi'sh was landed from ICNiLB' Sub area 3 (Templeman, 1959). 
It :i.s unfortunate that the data from such a wide area, and 
from so many sets, must be combined to provide an adequate sample 
for ageing, but as the depth range is not very great any 
deleterious effect is unlikely to be of importance. The locations 
of the different samples and numbers of fish yielding otoliths 
for study are indicated in Fig. J.l. 
Although the samples were not examined for the presence of 
marfnus, it is most unlikely, from our subsequent· know'ledge of the 
numbers of these fish in the area, that more than the occasional 
!ll.lrrinus fish vras caught. ~he growth curves presented here can 
il . 
Iii i ,. 
' 
thus be conside:r:d as those of North American !Jllllltella-type redfish. ); 
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J.2 Comparison of ages and e;rowth-rates as determined by t\'/0 
different perso.J1£. 
The otoliths from the sov.thwest slope of the Grand Bank 
have been examined and ages estimated by two different persons, 
the author and technicain b . E. Sq_uires. This provides an 
opportunity to examine the variation occurri ng bet\·Ieen the two 
age readers who are attempting· to determine the ages, using 
exactly the srune basic method. It is not very freq_uently when 
ages are estimated from redfish of 10 years old or older, t hat 
tvro age readers will obtain the same age reading and indeed, in 
this comparison, out of a total of 444 ages only in 4J cases 
vras complete agreement obtained. 
l!,ig. J .2 shows the number of times in which agreement or 
disagreement occurred between t he two age readers, Sq_uires and 
Sandeman. It is evident i 'rom this figure · that there is a wide 
variation between the ages as determined by these readers. 
Furthermore, the · spread of the data on the upper side of the 
diagonal of complete agreement indicates t hat the ages estinated 
by Sq_uires are on the average, higher than thoee estimated by 
Sandeman. This may perhaps be better seen by examining the 
freq_uency of agreement and disagr·eement v1i thout reference to the 
actual ages at which the agreements and d.isagreements occurred. 
This has been done in l!'i g . J .J, which may be consiO.ered as a 
"diff erence freq_uency histogram". The shape of this histogram 
approximates to a normal curve a.nd thus indicates a rather large 
random err·or but also, because the curve is ske\'ied to the right , 
it ind.icates that Squires on the averaf;e obt ains age estimates 
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that a.re slightly higher thar! those of Sandernan. 
\'le VJould infer from tl:e rather pool" Clgreement betvreen the 
two age readers (about 10% 8f;reement) that, particular·ly v1hen t he 
older fish are considered, investigations involving year-classes 
and comparisons of their relative abundance will be rather a.bortive~ 
unless very large numbers of otoliths are examined. 1'his 
however does not concern us here, for apart from the especially 
abundant year-classes of young fish, \·rhich can be recognised by 
their size and abundance alone vri t hout recourse to otoliths, we 
are not dealing with year-classes but \'lith overall growth curves. 
We should examine, ho\·rever, how the agreements and disagreements 
referred to above affect the growth curves and equations of growth 
that are derived from them. 
The values for mean length at each age, as calculated from 
the age estimations of Squires and Sandeman ±'or males and females 
separately, are shown in l!'ig. J. 4. · Also shown are th~ least 
squa.res Eertalanffy curves fitted to the smoothed mean length at 
age data for ages 3 34 (because of the lack of. data at age JJ, 
J4 and J 5 for females in Sandeman' s data, this curve \·ras fitted to the 
smoothed data for ages 8-J2). ~he curves derived from the two 
different persons appear so similar in this figure that it is 
difficult to see any difference at all. To ·see any diff erence , 
it is really necessary to plot the curves as derived from the 
data of each age reader on the same co-ordinate system, and this 
has been done in F•ig. J.5. It is apparent in this figure that the 
agreement for males is in6.eed very close, and that from ages of 
about 8 to 24, the curves as derived from the data of Squires 
and Sandeman are virtually coincident. '.J:he comparison bet\veen the 
tl'm curves for the females confirms that \'lhich was indica.ted in 
l.i.:~ ;,; 
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Fig. J.2 and J.J, namely that Squires tended to read the ages slight-
ly higher than Sandema.n, and this is reflected in the curve from 
the latter's data beine slightly above that of the former. 
~he agreement between the two curves for the male fish is 
all the more striking because v;e have· \vhat migl'.tt seem to be a 
highly abnormal . curve. A glance at t he Bertalanff y equations 
for these curves will show that we have the astonishing values of 
- 17 and - 20 for the· parameter t 0 , and when the curves are 
extrapolated beyond their fitted range we find that the males 
would be 20 em in length when born. This illustrates the danger 
of extrapolation beyond the range of t he data, a danger, which 
because of our lacl<: of data on small . fish, affects our estimates, 
particularily of t 0 , but \·rhich for most species of fish affects, 
that in many ways more import mit parameter, L0 o. 
The para~eters of the Bertalanffy equations and their standard 
errors are tabulated below. 
Parameter Nales ]'emales 
Squires Sandeman Squires Sandeman 
-----
Lao J0.6 + 2.J JJ .± 6 JJ.J ± 2.0 J4.2 + 1.4 
K o.o6 + 0.04 o.o5 ± 0.05 O.lJ ± 0.07 0.13 + 0.05 
to - 17 ± 5 - 20 + 6 - 0.7 ± 4.5 - 0.7 ± J.O 
--
It is evident from the considerable overlap in the confidence 
limits of all the par:am.eters above that, for both males and females, 
the growth curves derived from the age estirrwtes of Squires and 
Sandeman can be considered similar. 
:q.w . 
\'I .·- ... 
:.:.rotJ . 
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This is a very useful result for it means, providing it is 
growth curves and -the equations of these curves in which we are 
interested and providing neither person dev:iates from the basic 
method of age determination, that otoliths read by either Squires 
or Sandeman may be used for the derivation of growth curves and 
the equations thereof, and that t hese curves and equations can 
be directly compared. 
J.J Gro\'lth curves of mentella redfish 
1'he growth curves and fitted equations are discussed in 
section ).2. 
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4. Gulf of St. Lawrence. 
- --
~-.1 Introduction. 
In the Gulf of St. Lawrence, the histo:ry of the redfish 
stocks and the effect of the fishery on these has been of very 
great interest. The fishery, \·lhich only started in the eo.rly 
1950's, rose rapidly to a peak in 1955, when landings of almost 
In subseq_uent years the landings' 50,000 metric tons were recorded. 
have decreased, till in 1962, the most recent year for which 
figures are available, only 6,500 metric -tons were landed from 
the area. The St. John's Biological Station has followed this 
brief history of exploitation with considerable _interest. 
Although most of the likely redfish areas in the Gulf of 
St. Lawrence had been examined by the Investigator II during 
1947 and 1948, it was not till 1950 that a fine-meshed liner was 
used inside the codend of the No . 36 otter tra\'ll net used by this 
vessel. In 1953 a regular patte.rn of fishing stations was 
established in the area, and since this time most of the fishing 
stations have been visited every second year . With the coming 
of the A. T. Cameron in 1958, the regular Gulf of St. Lawrence 
redfish survey trips have been made by this ship, and the larger 
Ho . 41.5 otter trawl with a lining of l l/811 nylon has been used. 
The regular pattern of fishing stations consists of six 
major fishing areas (Fig 4.1), and at each area an attempt is made 
In the Gulf of St. Lawrence 
to fish a series of standard depths. 
where the maximum depth is limited to about 250 fathoms an~ where, 
presumably because of the muddy nature of the bottom in the centre 
of the channels, very fe\'T redfish occur below 200 fathoms , the 
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depths fished in each area. we·re usually 100 120 140 160 d , , , . an 
180 fathoms. 
4.2 Growth by Peter sen's method 
]'ig. '+.2 shows length-frequencies for redfish from an area in 
the Esquiman Channel (Fig. 1.1). These fish and their size 
distr}.bution can, for most purposes, be considered as typical of 
the whole reclfish area. of the Gulf of St. Lawrence. It can be 
seen that these length-frequencies are.characterised by a constant 
peak at about J5 em for males and J8 em for females. These 
peaks can be recognized in the length-frequencies from different 
areas in the Gulf and in diff erent years. In the early years of 
the fishery these peaks, which represent the accumulated stocks 
of old fish, were made up of large numbers of fish, but more 
recently the numbers of these large fish caught per unit of effort 
has declined, so that in some areas the pealrs are only just dis-
cernible. It should be noted that, although the numbers of· fi sh 
in the length-frequencies are expressed relative to numbers caught 
per hour of fishing' the direct comparison of abundance bet\'leen 
different years is only valid for the years 1959, 1960, 1961 and 
1962. 
In the years previous to 1959. not only was a smaller ship with 
.its smaller associated net used, but the sets were not necessarily 
repeated at the same depth and positi on. In 1948 t he ship was 
on most occasions lH:ely using too little warp f or the speed of 
to\'T, and most of the catches probably bear little resemblance to 
the true abundance of redfish. No f ine-meshed liner was used 
at this time. 
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. In addition to the stationary peaks of large fish, other 
peaks, which are made up of smaller, more rapidly growing fish, 
often occur. These latter peaks may, under suitable circumstances, 
be followed till they lose their identity when they merge with the 
peak of slower growing fish above them. In I·ig. 4. 2 the peak 
with males and females at about 24-25 em in 1953 has progressed in 
1955 to 28 em for males and Jl em for females, and in 1957 both 
the sexes have merged with the accumulated stock of old fish and 
are probably represented only by a bump on the ascending limb of 
this peak. 
The fact that such peaks can be distinguished in a population 
of fish which has such a slow growth-rate is indicative of a 
rather tragic circumstance, namely that some or very few young 
fish have been recruited to the population for several years. 
This point is further emphasised in the length distribution of 
the fish caught in 1955 and 1957 which indicates, apart from the 
small and rather insignificant sign of one at 18-19 em in 1957, 
a relative failure of year-classes for some 8 or more years after 
. the success of the year.-class which dominates the group of fish · 
observed at about 25 em in 19 53. 
Probably the most striking feature of Fi g. 4.2 is the 
appearance of a new group of fish in 1959. ·The :progression of 
this group with modal length of 13 em in 1959 can be fol l owed 
through the years 1959, 1960, 1961 and 1963. This group of fish , 
which consists mostly of a single year -class and which was observed 
in such number s i n the f all of 1959, was probably three years old 
at this time, and by 1963 when it \-.'as seven years ol d it ·showed 
a modal length of 26 em for males and 28 em for females. Although 
by far the majority of the f i sh maki ng up t he peak bet ween 8 and 
'LS. 
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16 em in 1959 Viere most · probably three years old, there were 
nevertheless a fe\'1 2 and 4 year old fish included. 
In 1959 only 4· of the major survey areas were exrunined, and 
it is interesting to note that in the areas where best catches 
of the lartS;er redfisb were obtained (Line E) so also were the 
best catches of this new group. lhlrthermore, the mode of this 
nev1 group vms at 15 em, and thus 2 em greater than that of the 
same group from line D in the Esquiman Channel. 
It is unfortunate that there are some gaps in the data of 
these areas of greater r~dfish abundance, Lines B and F - e~st 
(Line E · \'las not examined in 1963, Line 1' - west in 1961 and 
Line~ - east in 1959 and 1961). 
The length frequencies for these three lines are shown in 
}?ig. 4.3. The dominance and abundance of the new, presumably 
7-yenr-old group of fish and the relative insignificance of the 
large fish as sho\'l!l in the graph for 1963 of Line :h' - east, and 
by inference presm11ably also Line E, is quite impressive. 1'he 
abundance of this group is further emphasizedby the cotch obtained 
in one set at 155 fathoms on Line }' - east in 1963, when in a 
30-minute tov;, 6560 pounds of redfish v1ere obtained. 
vras made up by a total of over 15,000 fish. 
This weight 
Figs. Ll·.2 and 4.J also show how in the four uifferent areas 
' from \'lhich these catches were obtained, although the basic pattern 
of year-class survival remains approximately the same, the actual 
survival as reflected by abundance does vary considerably from 
one locality to another. 
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This is illustrated by the comparison of the l enr;th-frequencies 
from Lines D, :1!: and :&'-east. In Area D, and more so vrl th Area E, 
the group first occurrine in 1953 remains throughout the succeeding 
Jears dominated· by a single year-class. ·Eat so, hoviever, in the 
case of Line F, where a more recent ;y-ear-class, probably t"V;o 
years younger than the dominant one, has shovm considerable strength; 
so much so in fact that the proximity of the two year~classes may 
affect the modes of the curves so that they may no longer 
represent the year-class modes. ~hus polymodal curves must be 
examined \·ri th caution. Although it is still'rather too early 
to say Viith any certainty, it would seem that the extremely 
abuncant group at 9 em from LineD in 1963 occurs in any quantity 
only in this area, and in other areas only indications of the 
group are to be seen. 
A preliminary appraisal of the otoliths from samples obtained 
in 1959 from LineD indicates that the majority of fish of the 
dominant group at 13 em were J years of age. If this is used 
as a base and the assumption made that the mode represents the 
mean of this dominant yea.r-cfass , it is po ssible to obtain an 
This he.s 
approximate grov1~h curve over the 5 years in question. 
been done for several areas .in the Gulf of St. Lawr ence in Fig . 4.4. 
Also sho\'m in this figure .is a composite plot for the Gulf area, 
·~rhere the modes for each year have been averaged. The curve 
dravm in the fi£:,rure was obtained by fitting a curve t o the 
average modal values of uns~xed fi sh for 1959, 1960 and 1961, an 
the mean modal length for males interpolated point for 1962 and 
in 1963. The equation for this curve 
is gi ven below 
lt 58 ~-e -0.08 (t + o. 7)) = 
l: 
1-
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Also shovm for comparison are the observed data points ann 
fitted curve for the growth of the 1953 year-:-class in Hermitage 
Bay (Section 2 ). 
The gro'lflth of the 2 year-classes in the Gulf of St. Lav1rence 
and Hermitage Bay are rather similar, although the Gulf fish 
have continued to {.~ ro\'1 at their pre-ma.turi ty grovith rate longer 
and i'-ave not shovm any great tendency, as yet, for the curve to 
start flattening out as it starts to approach the asymptotic value. 
This is reflected in the very much higher 106 which v1as· obtained 
from the Gulf fit as compared to that of Hermitage Bs.y. 
4.3 Gro\'Jth from otoliths 
4,Jl Ivlaterials_ and methods 
As has been already mentioned, the research snip Investigator 
ll had visited the . Guif of St •. La\·irencE! in 19L~7, 1948 and 1949, 
in fact, in the years before the· start of any commercial fishery . 
Although the otolith collections from these early trips were not 
very extensive, they did provide a means of estimating the age 
c1istribution of the population at a time v1hen mortality from 
Thus it was hoped 
causes other than natural was negligible •. 
that, from the a.ges of these fish caught in pre-commercial days, 
we should be able to obtain an estimate of the natural mortality 
rate of the redfish population. 
For the <J.bove reason the samples of otoliths examined v1ere 
initially all taken from the earliest years of our collections. 
To obtain large enough samples to de~ive even an approximate age-
length key, it was necessary to combine several samplt3s of otoliths. 
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In doing this an attempt was made to obviate, as far as possible, 
any effects of different growth- rates in different areas of the 
Gulf by using only samples from the area of the Esquiman Channel 
(preferably Line D). As can be seen from :h'ig. 4.1 this \'las 
not alv1ays possible, and the occasional sample from other a.reas 
has also been included. Because of the complete .. dearth of 
small fish in the early years, it was decided that we should 
include a more recent sample containing some small fish. These 
\•rould greatly improve the Bertalanffy fit for gro\'/th curve 
purposes, while for age frequency and mortality rate examinations 
The age estimations were all ma.de by 
they could be ommitted. 
E. E. Squires. 
4.)2 Growth curves of the adult redfish 
The mean lengths of male and female redfish have been plotted 
The curves represent 
separately for each age group in ]'ig. 4. 5. 
the umleighted least squares fit to the smoothed data for even 
ages from 12 - 46. 
The parameters of the curves sho\m in ]'ig. 4. 5 toge.ther vd.th 
their standard error are shown below: 
Parameter 11ales 
Females 
Loo 36 ± 13 
J8.4 ± 1.2 
K o.o6 ± o.o4 
0.13 ±. o.o4 
to - 5 ± 18 
+ 4.4 .±. 2.0 
--
The rather wide confidence limits, pa.rticularlt·· for the 
males, are largely due to the extreme paucity of da".;a for the 
younger age-groups:. 
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5 ~sh Cap 
5.1 Introduction 
The redfish fishery on §lemish Cap is of very recent origin. 
Redfish were shown to be present in the area in good coiJI!lercial 
quanti ties by two c1·uises of the research vessel Investigator II 
in 1949 and 1950 when, during the latter cruise, two sets yielded 
catches of 10,200 and 7,400 pounds per hour. In spite of these 
large catches the area was considered to be too remote for 
exploitation by Canadian otter-t:i:'awlers which, during this the 
heyd.a:y of th~ virgin fishery, v1ere able to fill UJ? with fish in a 
very short time by fishing the nearer and more accessi1)le areas. 
Thus the complete area of Flemish Cap remained unfished, except 
by the Investigator II,during the trip~ mentioned above and 
subseq_uent trips in 195J and 1956, till the latter part of 1956 
\·;hen the commercial fis~ery was started by the vanguard of the 
U. ;.) , S . Il. fleet. 
The fishery r·ose rapidly from 54 metric tons in 1956 to a peak 
in 1958, when 54, 5J2 metric tons ,.,as landed, almost entirely by 
In 1959 the landings remained high 
vessels of the u.s.s.~. fleet. 
at 52,208 but fell in the following year to only 8, ~·19 metric tons. 
Since 1960 the landings have .remained well belo\'1 20,000 metric tons. 
It has been noted by Templeman and Sandeman (1957) that Flemish 
Cap is one of the localities in the Nortlw;est Atlantic whe1·e 
f h As J.. t 
catches can consist of both marinus and mentE.]& red is • 
--
v1a.s only during the trip to the area in 19 56 and during subsequent 
trips that . any separation of the t'ypes v;as made, we have not been 
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able to use otolith samples collected during the earlier trips to 
the area, and have had to be content with samples collected in 
1956 or later. 
Enough specimens of marirl!!.§. redfish were obtained in the 
Flemish Cap area to •. allow a consideration of the growth-rate of 
these fish\ as well as that of the more common and deeper 'living 
meni.:ella. 
5.2 Growth from otoliths 
- -
5.21 Naterial and methods 
The fish, the otoliths of which were used in this study of age 
and growth-rate, were all caught on the northern slope of :b'lemish 
Cap. The fish caught in 1956 were tal-::en by the research vessel 
Investigator II, while those obtained in Novembe.r 19 58 v1ere caught 
by the A. ~. Cameron. The otoliths obtained from these trips 
i·Tere from rather small samples of fish brought to "the :Biological 
Station for the purpose of making a detailed series of body 
As can be seen in 
proportion measurements and meristic counts. 
the table below, they were obtained from a variety of sets and 
depths, and because of the 1ov1 number of otoliths obtained it has 
been necessary to combine the data. from the different depths, and 
to include data obtained in a later trip to the area in 1958. 
In addition to the samples being rather unsatisfactory 
numerically they are also somewhat' unsatisfactory because they 
were selected to provide fish only at each length group of 5 em 
Although this vTill, ·of course, affect the 
or multiple thereof. 
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Type Date Depth Number of fish 
(fms) :Hales l!1 emales 
-
Hentella July 1956 150 8 10 
200 8 5 
250 17 14 
JOO 8 15 
Hovember 1958 250 11. ~ 
53 62 
Narinus July 1956 150 13 32 
200 2 - 2 
November 1958 150 14 22 
250 _l± ...1. 
JJ 57 
Sources of data used in age determinations from Flemish Cap Area •. 
calculation of mean length at age, it is considered that the 
data are ade~uate for providing at least a preliminary .examination 
of growth-rate . 
The processing of the data from the fish and the otoliths 
rem13,ined as described in section 1.4. 
5 • 22 Gro\'Tth curves of adult redfish - mentella 
The mean lengths at each age have been calculuted and are 
displayed for males and females separately in Fig. 5.1. 
Also 
sho,.m· in this figure are the least squares Bertalanffy curves 
--90-
fitted to the smoothed data for. even ages from 4 to JO for males 
and 6 to 40 for females. The para.meters of the Bertalanffy 
curves, together \'lith their 95% conl'idence limits, are tabulated 
below. 
Hales l!1 emales 
1oo J4.4 ± 1.2 J8.5±1.4 
K 0.17 .± 0.05 0.15 .±. 0.06 
to 0.1 ± 1.2 o.6 ± 2.5 
5.23 Grov;th curves of adult redfish - marinus-type. 
The mean lengths at each age have been calculated and a.re 
displayed for males and. females separately in :B'ig. 5.2. Also 
shoim in this figure are the least scluares Bertalanffy curves 
fitted to the smoothed data for even ages from 6 to J4 for males 
and 6 to 40 for females. The parruneters of these fitted 
Bertalanffy curves~ together with an indication of their 9 5~~ 
confidence limits, are tabulated below. 
Hales l!'emales 
Loo 45 .±. 14 
47.8 ±. 1.4 . 
K 0.07 ± 0.10 
O.lJ .:!: O.OJ 
to - 5 .±.. 8 
1.9 ± l.J :. 
. ,· , . 
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6. Hamil ton Inlet Ba~ 
6.1 Naterial and methods 
The otoliths exa.IIlincd from the area of Hamilton Inlet 
Bank vrere all taken from fish caught by the research ship 
A. T. Cameron in August 1960. ll'ishing was carried out on a 
line across the slope at the northern part of Hamilton Inlet 
Bank (l!'ig.l.l), \'Th~re sets made at depths of 150, 175, 200, 250, 
JOO and 400 fathoms yielded catches of mentella redfish from 
\'ihich \'l'ere obtained samples for otolith studies. In the set 
at 150 fathoms and in one at 140 fathoms, marinu~ v1ere obtained. 
The numbers of fish of each type yielding otoliths and other 
data suitable for growth studies, and the depths from which 
these v:ere obtained, are listed below. 
Depth mentella 
marinus 
(fms) males females males 
females 
140 47 
19 
150 7 9 J4 
48 
175 61 47 
-
200 76 J7 
250 54 54 
JOO 61 ' 41 
400 4 11 
Total 26J 199 81 
67 
Age determinations w~re all by E. 
Squires. 
!" · 
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6. 2 Gro·wth curves of mentella redfish 
Growth curves for male and female redfish of this Eamilton 
Inlet Bank area (all depths combined) are sho\'m in :F·ig. 6.1. 
The data points indicate the mean ages for each length group, 
and the curves shovm are the least squares Bertalanffy curves 
fi ttecl to the smoothed mean length data for even ages 6 to J8 for 
males, and 8 to 40 for females. 
The parameters of the :Oertalanffy equations and their standard 
errors are shovm b elow. 
Parameter Nales Females 
I~oo J8.5 .±. 1.0 
44.8 .:t 2.1 
K 0.16 .:t 0 .05 o. 11 .:t o.o4 
to - 0. 1 + 1.6 
o.o .:!::. J.l 
When the curves are compared \'lith the data points from vihich 
they are derived, it can be seen that they do not seem to fit the 
This is particularly so fol~ the males, v1here data very well . 
ages 7, 8, 9 anO. 10 lie well belovT the fitted line and ages 16, 
17 , 18 , 19 , 20 and 21 lie above it! all of \•rhich \'/OUld indicate 
As ':ie have combined 
a steeper slope at this section of the curve . 
the data from such widely different depths, it is proper that any 
possible differences in growth with depth should be examined. 
Unfortunately, for each depth, the numbers of fish for which we 
have age data are rather snall; ho\·:ever, provided v;e recognise 
this limitation, we can derive individual Bertala:nffy cu:rves f.or 
depth . 
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6.21 Gro\vth curves and deuth - males 
In examining the difference in e:rowth from depth to depth , 
the fe\'i a[;e data from 150 fathoms have been i ncluded vii th those 
for 17 5 fathoms and similarlY. the data. for 400 fathoms wi tll 
We no\·1 have the eq_ui valent of four diff-
those for )00 fsthoms. 
erent depth levels, 175, 200, 250 and JOO fathoms. 
Bertals.nffy 
curves 1la
1
le been fitted to the unsmootlled 1.:1ean length at age 
da.ta .for each of these depths between the greatest range of ages 
for \'Thich v1e have mean lengths for consecutive ages. 
175 F 6 to 22 years 
200 F 10 to 27 years 
250 F 9 to 20 years 
JOO F 13 to 25 years 
'fhese v1ere: 
These curves are shown in Fig . 6.2. 
}'rom t his figure i t 
\·:ould seem that the growth patterns of the fish from 175 and 200 
fathoms are rather similar, and that these fish from the shallower 
depth ranges diff er somewhat from those obtained f rom the deeper 
A perusal of the length-frequency dist ribution of the catches 
at the different depths shows a general trend of increase in 
zones. 
This trend, \'Thi ch may 
size v1ith incr.ease in depth (Fig. 6.J) · 
be seen in many localities in the Newfoundland area, together 
with the fact t hat the smaller f i sh are completelY lacking f r om 
t he greater depths, l eads quite naturallY to the hypothesis that 
the fish gradually move deeper as theY grow l arger and presumablY 
older. 
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Eowever, \vhen the aGe frequency distribution (:if·ig. 6.4) of the 
catches at the different depths is examined, \ve can see that this 
is not the \'/hole story. It is clear that most of the oldest 
fish in the catches occured in C.epths of 175 and 200 fathoms, 
v1hereas the largest fish occurred in greatest numbers in the 
deepest set, at JOO fathoms. 
J!'ig. 6.5 presents the same age frequency data in a different 
\'lay, and suggests that although the hypothesis above might \'fell 
be correct between the depths of 175 and 200 fathoms, and also 
bet;o:een 250 fathoms and JOO fathoms, there appears to be a basic 
difference bet\'reen the deeper and shalloi'/er depths \'lith a 
di vi<iine; line betvieen 200 and 250 fathoms. 
Thus it seems correct to combine t he data from the depths of 
175 and 200 fathoms for comparison ·against the conbined data 
from 250 and JOO fathoms. : , This has been done, and the grO\'lth 
curves for the combined data are shovm in Pig . 6. 6 • 
These 
Bertalanffy curves \'/ere fitted to the unsmoothed data from ages 
10 to 22 in each case. 
J:he results sho\m in li'ig. 6.4, 6.5 and 6.6 suggest that we 
have here t\'TO separate populations of redfish which, although 
th 
t Ulatl.·on of voung ey originate f rom the s ame shallo\·; v;a er pop J 
~ · h f 1 otl1er at an age of about 
11s , have become separated rom eac1 
10 - 12 years to form a shallow water stock of slO>I-growing fish 
and a deep-VJater stock of fast-groviing f i sh. 
~·urther evidence 
is provided by the s izes and abes of f irst mat ur i ty. 
the nUlllbers of illll!lature fish are !'?.t iler small relative to the 
.... ",lere a·,,e suff ici€nt immat ure fish to 
numbers of mature fish, 1 ~ 
demonstrate this point. 
. .. 
. · ! ... : i 
. ; I 
- 98 -
0~--~--~--------~=-------~~----~~ 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 
·AGE !YEARS) 
FIOUIIJ: 6.! 
AOE-FREQUiiiO:U:S or ~ rRlM Dirfl;REIIT DEPTHS or 
JWUL'l'O.II I.IIUT llllll -· JW.U. (SHAD£11 l'ORTlOII BHOWB IMMU'IIIIE riBH). 
:·! 
~ 
z 
w 
u 
a: 
w 
Q. 
99 -
I I 
175 Fm (320 Ml 
200 Fm (366M) 
250 Fm (457 Ml 
300 Fm (549 Ml 
0 
.&IIi, 'IIIIIC.K OCCUR .U U.CK DEPtH Oil JWilLTOII lii!.ET iWIX -- MAlLS• 
:;· 
:: 
,l ··;i 
. ::; 
.: ·· 
.. : . : 
:··' 
- 100 -
• 
X 
• • 
40 • ~ lt • 
X X • X l 
X 
l 
i i 
HAMILTON INLET BANK 
MALES 
175 6 200 Foth. 
10 250 6 300 Foth. -----
0~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 
AGE (YEARS) 
EJRilJ!i 6.6 G!OWI'll CUR'fi.S or !lii1(W R&DFISH fR)K flU. sRALLOWi.R 
(l"fS-200 ... ) AJIIl DAEl.ER (250-:500 h.) OEI'ttl ZOIIIiS or JWIU.\'011 DJLEf 
iWII - MAlAS• !·· ·'\ 
j :, .' ! 
. :) i 
· ; 
' 
. ··' 
-101-
ilnereas in tbe -175 arid 200 fatbom levels mature fish were more 
abundant than i:n}!:lature fish at lengths of 25 em end greater, in 
the 250 - J50 fathom levels mature fish only outmunbered immature 
fist at lengths of JJ em ar::.O. greater. With regard to age, at the 
shallO\'ier depths mature fish outnumbered the immature fish at 
all a&es encountered in the catch, (age 6 om.,rards) '"hereas in the 
deeper sets the ~ature fish uid not outnumber the immature fish 
till about age 12. 
It might be noteO. that although the hypothesis above suggests 
the existence of two stocks of redfish having O.ifferent browth 
anO. maturity characteristics, these. stocks need not remain separate 
a~ all stages of their annual cycle. ihe hypothesis, based as 
it is on grov1th and differences in gro\':th-rate, requires a 
separate identity to the stocks only O.urii.lg the period of active 
grov1th, and does not preclude a mixing of stocks or chanc;e in 
depth level of either· stock at any time of the year \•Then gro\·Tth, 
anO. presumably also active feeding,are not trueing place. 
6. 22 Grm'lth curves and O.epth - females 
wnen the data for the female redfish are treated in the same 
v>ay as for the males above, and :Bertalanffy curves fitted bet•teen 
the follO\'Iing af., es: 
175 F 
200 F 
250 F 
JOO F 
7 - 20 
10 - 20 
11 - 21 
14 - 26 
the curves sho\m in Fig. 6. 7 are obtained. 
J: 
... 
" z ~ 
.J 
50 
40 
- 102 -
175 Foth. 
200 Fath. 
250 Fath. 
300 Fath. 
. l : 
250 Fath. 
~---
175 Falh. 
200 Fath. 
\ 
o~~-L~..~-~~~~..~-~~..~-~~..~-~J.J-L~~..~-~~..~-~~_u 
0 2 4 6 e 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 
AGE (YEARS) 
VGUIIE 6.7 ORl'IITII CURViB OF ~ Ri.DFISH FRlM DIFFEREIIT Di1'1!18 
OF IWUL!OII Ill LiT IWI1 - F.fi.IW.t.S, . 
-103-
Although a difference in gro·wth bet\veen the deeper and shallower 
caught fish can be seen in this fiGure, the hints of a clear-cut 
separation betvteen fish · of the two clepth zones that v1ere apparent 
~hen the gro\vth patterns of the males \vere being consiclered, 
cannot be a.s clearly re~ogriised. Eov.·ever, examination of the 
1 engtb-frequencies ( F~g _' 6. 3) together \'lith the age-frequencies 
(Fit; 6.8), and particularly the maturity structure of the fish 
causht at the differ~·ft~~ depths, indicates that a si:r1ilar separation 
·. ··: ·. ' 
of the females into t~cr ~.'-p~pulations having differing growth 
. · ..... .... : '. . ~ . 
characteristics exi~tei ~ :. as·· it did for the males. 
Consequently the data from 175 and 200 fathoms have been 
combined as have also :'those for 250 and J 00 fathoms. The 
B ertalanffy curves for·· these two depth zones are shown in Fig 6. 9. 
The Bertalanffy purves ·were fitted to the unsmoothed data for 
all available consecutiye. ages . at .each clepth zone; these \vere 
. : . :·. . .. . 
7 to 20 years for the sh'ailower depth zone and 11 to 22 :t-ears for 
the deeper. . Figure 6.9 indicates that, although they may grow 
to greater size·s <,luring th.e eei.rli~r years of life in the shallO\'ler 
depths, if the fish remain in these depths they \-.rill not be as 
likely to grow as fast or attain such sizes as they would if they 
moved to the zone of greater depth. 
6.23 Differences in growth-rate ~~th depth. 
. ~· 6.6 and 6.9, some idea 
From the growth curves shovm ~n ~J.g . 
can be obtained of the growth- rates prevailing in the catches at 
the t\vo depth zones and their respecti ve rates of decrease· 
:i . 
l . 
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(The latter is represented by the parameter of the Bertalanffy 
equation K, and the former by the slope of the growth curve at 
each point along it). However, if it is only grov1th-rate that is 
being considered, the direct comparison of the different growth-
rates can most easily be accomplished graphically by the plot of 
instantaneous growth-rate against either fish length or time (age). 
This has been done to compare the growth-rates at the two depth 
zones for males and females separately in Fig. 6.10. It is 
clear from these plots tha.t, both for males and females, the 
gro\'tth-rate is higher for the younger ages at the shallower depths, 
whereas the olO.er fish shO\'i faster growth in the greater depths. 
It is also evident that, .. if the theoretical curves provide 
reasonable expectations of growth , and provided other things 
remain equal, maximum growth-rates \'lill be obtained if the males 
migrate from shallow to deep water at about their 11th year and. 
females at about their 9th. 
If v,re accept a difference in growth-rate between the deep and 
shallow depth zones it is of interest to examine briefly what 
In general this difference might 
might cause such a difference. 
be due to either or both of two basic types of causes. The 
one consisting of factors of the fish themselves, and the other 
of factors stemming from the environment. 
Concerning the physiology of the fishes, we have already 
noted that one of the main features indicating the differences 
in gro·,rth pattern between the depth zones v;as that of l!laturi ty • 
In particular it was noted that the age of first maturity "'as 
considerably delayed. in the deeper zone, so much so in tte females 
in fact that no mature fish ,.,ere found in depths of JOO fathoms 
or deeper. 
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It would thus seem possible that the change in growth-rate 
apparent between the two zones is not so much an increase in 
gro,vth-rate as the fish change from one form of J3ertalanffy 
growth to another, but ratl:er a decrease in growth-rate in the 
shallm'l zone caused by the larger and olo.er fish attaining 
maturity, and devoting much of their growth energy to the 
exigencies of reproduction, while their relations, v1ho emigrated 
to the deeper zone, continue to live and gro,., ns <!dole scents • 
.timvever, much as this is o.n at.tracti ve hypothesis, it is evident 
from the maturity pattern of the ua),.es that, in spite of ma.turi ty 
being attained in the deeper water, growth continued at the 
fast rate that prevailed before maturity. 
An environmental factor which has a very close relationship 
''lith metabolism and ~rowth is that of temperature. The prevailing 
temperatures however, in these waters of 175 fs.thoms or deeper, 
remain very stable from depth to depth, and indeed also from year 
to year, and thus could ~ot really be expected to affect the 
growth-rate. 
It is possible however that the closer proximity of 
the cold water layers to the shallower depth zone could limit the 
foraging area, and that the pelagic feeding habits of t hese fish 
have not the scope and rang~ : that is available to the fish from 
the deeper zone. 
The most likely cause of the faster growth-rate in deep-
water is probably to be found in the interplay of environment and 
Here, 
fish physiology that occurs i n the process of feeding. 
unfortunately, we h~ve but very little data, and until hr i.\ees 
has finalised his studies on the ·food and feeding of redfish we 
to the Pro
blem, apart from quoting 
can add nothing constructive 
· ) 
.. :'! 
I ' 
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the generalisation that \'ii th increase in depth redfish tend to 
eat more and l.llore fish as opposed to the smaller invertebrates 
\'Thich mal':e up their diet in shallow water. (Rees, r,·~s. 1962.) 
6.3 Growth-curves.5>f raarinus redfish 
Although the numbers of specimens of fish yielding otoliths 
fol' age and growth studies \'iere rather small, growth curves have 
been fitted to the age estimates of the 81 male a.nd 67 female 
~~ redfish. The mean ages at each length and the fitted 
The curves were 
Bertalanffy curves are sho\m in Fieure 6.11. 
fitted to the smoothed means of even ages f rom 18 to 42 for both 
males and females. 
The parameters and their s-tandard errors are shown below/. 
Hales Females 
Loo 55 ±. 9 
60 .:!:. 6 
K o.o5 .:!:. o.o6 
0.10 ±. 0.12 
to - 9 ±. 14 
4 .:!:. 18 
It is to be noted that only three fish with ages less than 
18 years occurred in our random sample. 
. !· 
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7. Comparison of growth-rates of redfish in the hewfoundland a~ 
-StJohn's ~ 
In the previous Sections 2 to 6, growtL curves have been 
presented shovling the growth patterns of redfish in 5 different 
areas around Newfoundland. It is now necessary to compare .these 
gro\'lth curves and to examine ho'" and, if possible, Vihy the growth-
rates vary from locality to locality. Before doing this, spme 
attention should be devoted -to differences in grov1th that are 
apparent bet\'leen the sexes. 
7.1 ;Qi_fferences in gro\vth-rate between males and females 
7 .11 I~entella redfi sh 
In all the gro\'lth curves . presented in Sections 2 to 6 of this 
paper, it is apparent that a striking difference in growth pattern 
The growth of the females is nearly 
exists between the sexes. 
always greater than that of the males, and at any of the later ages 
the females are on the average very much larger than the males. 
A perusal of the parameters of the Htted Bertalanffy curves 
(Table I) in conjunction vii th the 9 5% confidence limits 'indicates 
that the lJlain difference between the grmvtb of th~ sexes lies not 
Here, it may be 
so much with the parameter IC, but vri th L0 o • 
observed that in the areas of Eermi tege Bay, :nemish Cap and 
Hamil ton Iniet Bank the confidence limits of Loa for the males 
and females do not overlap' r and this i ndicates that the differences 
are likely to' be real. In the areas 
of the Gulf of St. Lawrence 
and Southwest Grand Banlc, the difference 
between the Loo values 
for the males and females is less than J 
em, and we cannot 
~ i 
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I 
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Table I 
.. .. 
Mentglla redfish 
Fitted 
K L;· 
Hermitage Ba; 
.,. ·, 00 to years 
Males 0~1;\.9 0~028 35~2 LO -0.3 1.6 6 40 
Females * 0.113 0.019 39.7 0.9 0.2 1.0 6 40 
Southwest 
Grand Bank 
Sandeman 
Males * 0~05 0.05 33 . 6' -20' 
6' 8 34 
Females * 0.13 0.05 34.2 1.4 -0.7 3.0 8 32 
Squires 
Males 
* 
0.06 0~04 30;6 2~3 -17 5 8 34 
Females * 0.13 o.o7 33.3 2.0 -1 5 8:. ' 34 
Gulf of 
St1 Lawrence Males * 0.06 0~04 36 13 -5 
18 12 46 
Females ·• 0.13 0.04 38.4 1.2 4.4 2.0 12 46 
Flemish Ca:e 
Males * ' 0.17 0.05 34.4 L2 0.1 
1.2 4 30 
Females * 0.15 0.06 38.5 1.4 0.6 2.5 6 40 
Hamilton 
!nlet .Baiik 
All deptfis 
Males · * 0.16 0~05 38~5 1~0 -0~1 L6 6 38 
Females * 0.11 0.04 44.8 2.1 o.o 3.1 
8 40 
175•200 F • . 
Males 0;21 36~5 2 
10 22 
Females 0.16 41.5' 2 7 
20 
250+300 ·F. 
Males 0~02 93 -14 
10 22 
Females 0.08 52 1 
11 22 
Marinus redfish 
Fleniish ea;e 8 6 34 
Males · 
* 
0~07 0~10 45 14 " -5 · 
Females * 0.13 0.03 47.8 1.4 
1.9 1.3 6 40 
Hamilton · 
!nlet ·Bank 18 42 
Males * 0•05 o.o6 55 " 9 -9 14 
Females * 0.10 0.12 60 6 
4 18 18 42 
* denotes when fit was made to smoothed data for even years. 
Table I. Summary table showing · the Bertalanffy parameters and 
t.heir ·standard errors. 
;:. , ;·_ 
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consider purely on the basis of the parameters and their confidence 
Ht'!Hs that the parameters are difi'er·ent. However, it is to 
be noted that in both these areas the t::rowth curves of the males 
are rather aberrant, ,. and in each we have a rather large negative 
t 0 value. This results in a very much lower than usual K value 
and a slightly hit;her value fer L00 • 
The difference between the actual g:::·owth-rates of the males 
and females can be better seen in Fig. 7.1. In this figure the 
:plot of gro\'lth-rate against age is shovm for males and females 
in each of the 5 areas examined. It is quite clear that in 
Hermitage Bay, Hamil ton Inlet Bank and :nemish Cap the growth-
rate of the females ·at all ages, is greater than that of the males. 
In the Gulf of St. Lawrence and on the southwest slope of the 
Grand Bank the females are faster growing than the males to an 
age of about 24-25 years, and after this the males grow f aster 
than the females. 
It seems likely that the difference in growth-rate bet\1/een 
males and females is due not so much to the environment, but to 
the behaviour and physiology of the fish. The fact that the 
males mature at considerably smaller sizes and ages than do the 
females (in Hermitage Bay on the average, males mature at about 
2.0 em at which time they are about 6 years old, whereas females 
mature at about JO em or 10 to 12 years of age), suggests that the 
males will start earlier to divert energy to r·eproduction, "lith 
the probable result that less energy is available for growth. 
The fact also that the reproductive Sf;ason for the males coincides · 
with the latter part of the season of greatest growth (as shown 
· "' · 2 / ) nr obably means that 1n the curve of seasonal growth - .c J.g • • 0 ' J:' 
th 
~ t . J.·n effect for the mature males. 
e growth season is suor enea 
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Rees (NS, 1962) presents some evidence to sh0\'1 that in the 
Hen~itage Bay area, the redfish feed most heavily in Nay and June, 
and then gradually reduce their feedine; till November when their 
The larger 
migration out of tlle area is usually \-Tell underway. 
males sh0\'1 a rather dramatic drop in feeding during July - August, 
and after this in September their feeding once aeain becomes 
heavier. 
The reduction in feedinG during July - August coincides 
with the pre-copulatory maturation phase ; of the males. 
7.12 Harinus redfish 
The difference in gro\.,rth pattern betv1een the sexes of 
marinus redfish resembles that observed for the mentell!! o.f the 
The males 
Southwest Grand Bank and the Gulf of St. Lm1rence. 
in these two areas and the marinus males from both l!'lemish Cap 
and Hainil ton Inlet Bank show Bertalanffy growth patterns involving 
The differ ences in 
fairly high. t
0 
values and low values for L 
growth-rates between the males and females, as \vell as betv1een 
It is apparent that 
the tv1o areas, can be seen in Fig. 7.2. 
in both these areas· the f emales shoW higher grovJth-rates than the 
males during the younger years but, after about age 21 at 
Flemish .Cap and age 33 ~t liamilton Inlet Bank, the males exhibit 
. . dl 
faster growth. (It should be noted that in these plots of at 
against t, the logarithmic scale of the ordinat e distorts the 
appearance of the growth-rate, and t hat the hi gher gro,-rth-rates 
wth 
• te values are expanded.) 
are compressed v1hereas the lO'\ITer gro -ra 
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7. 2 Comparison of the p:rO\'lth-rates 
7.21 General considerations 
Several different methods exist by \·rhich \ ·Te might compare 
the growth of fish from a variety of areas. To sho\'i the 
different growth patterns by means of growth curves is useful, 
and from these curves the average lengths, at any age for any of 
the fish stocks being examined, can easily be seen and compared 
with those from other areas. 
If the gro\'lth curves can be adequately described by the 
substitution of different pararJeters in a grm·1th equation, then 
a comparison of these parameters litight provide a satisfactory 
means of compa:-ing f;rowth. A very simple example can be seen 
in the case of linear growth \1hen length (lt) is related tG 
age (t) by a ·simple straight line relationship 
lt = rot + c 
where "m" is the rate of growth and "c11 the length at zero age. 
The comparison ·of values of 11 m" and 11 c11 froL1 different areas 
\'IOuld, with this type of gro\vth, provide a very convenient means, 
not only of comparing the growth betv1een different areas, but 
also of providing possible clues as to why these different gro\'lth 
patterns exist. 
The Bertalanffy equation has been found to describe adequately 
the growth pattern of many species of fish, and several authors 
have examined the relations of the parameters of this equation 
to each other and to various environmental factors (in particular 
Be:voerton and Ho.lt, 1959; Taylor, 1958, 1959 and 196o) • 
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Of the relations bet\'leen the parameters themselves, K and Lao 
have been found and, indeed, according to Knight (M.S. 1962), may 
a priori be expected to show an inverse correlation with each 
other. \fuen t 0 has values which depar t from zero, it \vill lil\:ely 
also be inversely correlated with K. 
Concerning the possible relation between the Bertalanffy 
parameters and factors of the environment, and the possibility of 
using these parameters for comparing the growth patterns of fish 
from different areas, the whole matter is rather confused. l'Iuch 
of the confusion arises because the simple relationships between 
the parameters of the :Bertalanffy growth equation and metabolism 
do not appear to be as simple as they first seemed. 
Beverton and Holt (1957) reason tha~ growth depends primarily 
on the food supply, which in turn is cl osely dependent on t he 
populat_.ion cfe'ilE3l. ty. Because they are considering the subject 
from the point of view of population dynamics and the influence 
change in population density might have on 0rowth, they consider 
that changes in population densi tjr will be large and, vii th a 
limited food supply, it is likely that the affect. of populat i on 
density on growth will outvreigh that of all other factors. Thus 
they argue that K, \'lhich on theoretical grounds is independent of 
food consumption, will remain constant, and t hat chan1:;es in 
growth-rate may be represented by variations i n W00 or Lao• 
Taylor (1958, 1959 and 1960) examined the grO\vth of cod, 
the Pacific cockle and the Pacific razor clam and found that K 
was positively correlated with temperature in each of these species. ~­
Holt (1959) . discussed this relationship between K and temperat ure, 
and from a theoretical standpoint shov1ed that whi l e K would be 
expected to incr·ease logarithmically with temper ature' Loo \'/OUld 
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be expe'cted to ' <iecre·~se :rather slowly over the same range of 
increase i~ teni:P~ratu~e. ·· 
Beverton and Holt (1959) state that the asymptotic size (L00 ) 
can be greatly modified by the supply of food available, but 
that this does not affect the parameter K. 
Kinne ( 1960) examined the grO\'lth of Cyprinodon maculsrius at 
five levels of constant temperature, and it \'/auld appear from these 
data that not only does K increase with increasing temperature 
(Taylor 1962) but so also does 100 • 
Nay, Pinhorn, ~iells and Ileming (NS, 1964) found. that the 
Bertalanffy parameters describing the growth of cod from various 
areas around Newfoundland did not follow the expected pattern and, 
whereas Taylor ( 19 58) had described an increase in K \d th increase 
in temperature .for cod over the general area of the Northeast 
Atlantic, these authors showed a decrease inK with decrease in 
latitude (the latter they regard equivalent to an increase in 
temperature) for the same species of fish over a large area of 
the Northwest Atlantic. 
]'rom the few authors referred to above it \'JOuld seem that 
(a) K is constant 
Lao is sensitive to changes in growth-rate 
(Beverton and Holt 1957) (Theoretical} • 
(b) K increases as temperature increases 
(Taylor 1958, 1959 and 1960) 
(c) . K increases as temperature increases 
L d as temperature increases but . 00 ecreases 
(Theoretical) (Holt 1959) 
; ·.- i 
(d) 
(e) 
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K increases as temperature increases~(Experimenta~ 
Lao increases as te1nperature increase~ Kinne ( 1960) 
K decreases as temperature increases J 
Nay et al. 
L00 increases as temperature increases (MS,l964) 
From the above considerations, one might suspect that the 
physiological attributes which make the Bertalanffy gro'itth 
equation so attractive in bridging the gap between grov:th and 
metabolism are not as well established or understood as they 
might be. It seems preferable to avoid, for the time being at 
any rate, any possible physiological connotation which might 
be placed on · the parameters of the Bertalanffy growth· ·equation, 
and to treat this equation in a purely empirical manner. The 
equation provides a very good i'it to the age at length data for 
redfish, as well as a convenient mathematical summary from which 
age and length values and growth-rates can be extracted with ease 
by simple calculation. 
In the discussion above, it also seems clear that attempts 
at correlating K or 100 with envirorunental factors do not 
necessarily lead to meaningful correlations bet\'leen growth and 
the environment. This is possibly in part due to the over-riding 
importance that food is likely to have in affecting gro\'lt.h, for it 
would seem that the relative abundance or absence of food must 
dominate other environmental factors such as temperature (Brmm, 
1957); and in part due to the nature of the parameters themselves. 
As mentioned previously in Section 1, there is no parameter of 
growth-rate in the Bertalanffy equation and if growth in different 
populations is to be compared, it is really the gro\·rth-rate and 
how this varies from age to age in the different areas that must 
-121-
examined. Growth-rate in Bertalanffy type growth is a function 
\'lhich varies linearly wi tb length and linearly \'Ti th the 
logarithm of age. The slope of ·this line is in each case K and 
the intercept KL00 , or a simple modification of t his value. Thus 
the growth-rate at any age or length is determined by both K and 
1 00 • The parameter K does not, as is often inferred, directly 
represent growth-rate but the cl:.ange in grO\'ith-rate per unit 
-1 -1 
change in length (its dimensions are a[~ e · · and not length.age · ) • 
In considering the o.ifferen.ces in grovith- -patterns between 
areas, it has thus been considered best to limit discussion to a 
consideration of how the growth-rates vary from area to area, and 
to consider only very briefly the possible correlations between 
Bertalanffy parameters and the environment. 
7. 22 GrovTth-rates of mentella redfish 
7. 221 Nales · 
The Bertalanffy grov1th curves of male redfish from tt.e 5 areas 
around Ne\'Tfoundland reported here are plotted on the same 
coordinate system in Fig. 7.J. 
are shown in Table I. 
The parameters of these curves 
In considering these growth curves, it should perhaps be 
recapitulated that the growth curves shovm for Flemish Cap and 
Hamilton Inlet Bank represent the data from several widely 
separated depths while the curves for t he Southwest Gr and Bank 
' -
are derived from fish obtained in depths of less than 110 f athoms 
and those from Eermi tage Bay and the Gulf of St. Lavirence from 
140 and 129 - 14·2 fathoms respectively· 
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From Fig. 7. J (a) , it seems likely that the male J!lentella 
of Hamilton Inlet Bank have a much faster growth-rate, and those 
of the southwest slope of the Grand Bank a slower growth-rate than 
the other areas. This is confirmed when the gro\'lth-rates are 
compared by length (l!,ig. 7. 4( a)). It is evident that until about 
a length of J2 em, the grO\'Tth- rates at any length are in the order 
of highest to lowest, Hamilton Inlet Bank, ]'leruish Cap, Hermitage 
Bay, G-ulf of St. Lawrence and Southwest Grand Bank. However, 
when the growth-rates are compared in terms of age (Fig. 7. 5) \'i'e 
find that Hamil ton Inlet Bank fish have fastest growth to about 
the age of 10, but at greater ages the fish from Hermitage Bay 
may be seen to be growing faster and, after the age of about 15 
the fish of the Gulf of St. Lawrence lead the field . Apart 
from the Southwest Grand Baru( fiAh, after about age 12 those from 
Flemish Cap show the slowest growth. 
An examination of the Bertalanffy parameters and their 95% 
confidence limits indicates a complete overlap by K and t 0 for 
all areas, and L
00 
for Southwest Grand Bank and Gulf of St. 
Lawrence '\'lith the other areas. Hamilton Inlet Bank can be 
considered different from Hermitage Bay and ll'lemish Cap in the 
maximum length to which fish from these areas may attain. 
7. 222 Females 
The area differences in grO\'ith pattern for female mentella 
Over the parallel rather closely those of the males (Fig. ?.Jb). 
range of lengths corresponding to the ae;es for which we have fitted 
the Bertalanffy curves, (Fig. 7 .h b), there are, relative to length, 
3 main groups of growth-rate; the fish from Hamil ton Inlet Bank, 
which show a fast gro\'lth-rate, and those from Hermitage Bay and the 
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Gulf of St. Lavii'ence which show a medium grov,rth-rate, and those 
from the southwest slope of the Grand J3ank \vhich show a slow 
growth-rate. Cutting across the fast anC. medium grovling nsh 
are those from Flemish Cap. 
\t'hen the t;rowth-rate is considered \'ii th respect to age 
(Fig. ?.6), the Gulf of St. Lav;rence fish may be seen growing 
fastest till about the age of 28, and apart from these fish, 
Hrunilton Inlet Bank fish grow fastest followed closely by those 
from Hermitage Bay. 
An examination of the Bertalanffy parameters and their 9 5~& 
confidence ·limits shows that the K and t 0 may overlap from all 
areas, but that L
00 
provides a likely separation of three differ-
ing 
1
c;rowth patterns: HaJnil ton Inlet Bank having a. high L00 ; 
Flemish Cap, Eermitage Bay and the Gulf of St. Lawrence having 
a medium Loo; and the south\vest slope of the Grand Bank having 
a low value for L00 • 
7. 23 Grov.rth-rates of marinus· redfish 
As marinu..e. redfish \'/ere available from only two areas, the 
difference between the sexes is here considered as \'lell and the 
The higher grovvth-rates 
growth curves shown in :b'ig. ? • 7. 
for the Hamil ton Inlet Bank area that \'le must suspect from this • 
figure are confirmed, f or the ages from ~<hiCll we nave obtained the 
fitted curves, in Fig. 7.2, which shows that the growth-rates at 
each age are greater for both males and females in the Hamilton 
Inlet Bank area than they ar·e at :h' lemish Cap • 
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8. pomparison of redfish groHth curves as derived by 
different authors. 
8.1 £forth American mentella redfish 
8 .11 Gt.meral 
Very little age-length data has been published for redfish 
of the ICNAli' Area. Some data is available from the ICl'iAF 
Samplinr, Year Book but only from Russian sources and, apart from 
data gathered in 1961, this is sUIDI!larised in a paper by Surlmva 
(1962). 
Perlmutter and Clarke (1949) were concerned primarily with 
immature redfish ar..d, because much of their market sampling was 
aimed at these smaller fish, the values for mean length at age 
for the older fish in their samples are lilcely to be biased, 
\'lith lower mean lent~ths anO. a flatter growth curve resulting. 
Kelly and \iolf (1959) show growth curves of redfish from the 
~\:elly and Gulf of ltlaine for the J'ears 1951, 1952 and 195J. 
Wolf, \•lhile recognising the rather uncertain taxonomic position of 
the North American form of redfish, class the Gulf of Naine red.fish, 
It is the 
in their final table, as Sebastes marinu~ marinus. 
authvr's opinion and that of Templeman (1959) tpat the Gulf of 
Eaine redfish belong to the common No1~th American ~tel:)e-type. 
Canadian and Unit~d States length measurements are maO.e to ;· \I 
!'I ~t , ; ' J~ j 
+he end OJ..&' the mid-fork of the caudal fin. ·; 
with the m:outh closed, to u 
1 
the nearest centimetre, from the anterior tip ,of the lo\'ler javT' 
The Russian measurements, however, were of total length (to · the 
1962) an(t, presumably also made tip of the caudal fin - Surkova, 
to the nearest centimetre. 
\ 
I 
I 
-lJO-
(This does not seem to be stated anywhere, but Baranenkova (1957) 
shovrs a table of lent;ths from 1h'hich one could infer that the 
measurements were to the nearest centimetre). Because of this 
difference in the basic dimension measured, we can expect that 
the Russian measurements vlill be larger than those of the United 
States and Canada. The difference will increase with size of fish 
and, according to Templeman (1959), should be about 1 to 1~ cill for 
redfish in the JO to 40 em length range. 
The method of age estimation also cliffers bet\·Jeen the 
United States and Canadar on the one hand, \'l'hose biologists use 
otoliths, and Russian biologists who rely almost entirely on 
scales. 
In many species of fish it has been found that, although 
scales and otoliths agree and provide good age estimates for the 
younger fish, for the olO.er fish which are forming very little ne\'1 
scale :tissuEf·. ~1;1.nually, it becomes very difficult to distinguish · · 
This often results 
. ~ .. 
;.: " 
between the winter and summer growth zones. 
in an underestimation of the ace of olcl fish by the scale method, 
as compared to the otolith method. 
8.12 Hamilton Inlet Banlc - IClUJ' Division 2J. 
From the ICNAF Division 2J (Fig. 1.1) we have data from 
Surkova (1962), and this may be coiD1'la!;ed with our cleta for 
Hamil ton Inlet Bank (Section 6, thi s paper). Presentecl in 
Pig. 8.1 are Surkova' s mean length at age data for f ish collected 
Ris 1957 data are based on one rather small 
in 19§7 and 1958. 
BaDlple of fish taken in the same area as was our o,m, while the 
1958 data are from several samples, most of which were obtained 
in the southern part of the ICHAP Division 2J • 
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When these data points are compared with our fitted curves for 
the liainil ton Inl.et Ba.nk line, and allowance is oade for the fact 
that the mean lengths of Burkova' s data will be abou+. one b · • v em r~&;rler, 
it can be seen that, apart from the few very lc-~1·ge nc:.les, t he 
agreement between the gro\\'th curves is quite close. 
\'lhy the large males in Surkova' s data should diverge so 
greatly from the general trend is not kno"m. This could be due 
to the fact that scales have been used to obtain the age estime.tes, 
or alternatively to the mixing of some fish from the deeper 
fast-growing population with samples obtained mainly from shallower 
water. 
8 .lJ l!'lemish Cap ICN.AF Division JH. 
Surkova (1962) has presented age at length data for this 
ICNAF Division for the years 1956 to 1960. Surkova's mean 
length at age data for the years 1956 and 1959, the years from 
which our samples were obtained from the area of Flemish Cap, 
have been plotted in J!,ig. 8.2. Also sho\ro in this figure are 
the Bertalanffy curves fitted to our own data (Section 5, this 
paper), and fitted to Surkova's data combined anc averaged over 
the five yeaz.-s, __ ( unweie;hted). 
The 2 sets of curves are widely different, '::i th Surkova' s 
data showing bU. far the faster e rowtc-rate. 
; 
8.1/;1-.: , Southwest Grand Bank ~ ICNAF Division 30 
. Shown in Fig • •. 8 • .3 are Surkova' s mean length at age values · for 
. -,.,;, D · · JO · 1960 and the mentella redfish from ICkH . .C ins~on J.n . 
Bertala.nffy curves fitted to our data from the south1·1est slope 
of the &rand ~ank (Section J, this paper). In comparing these 
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curves, it may be noted that agreement for the females is 
considerably closer than it was for the Flemish Cap area, and 
that the separation betv,reen the correspondj.ng length at age values 
are about 2 em for the younger fish and J em for the older fish. 
The difference between the age at length values for the 
males is exaggerated by the very flat curve that both Squires 
and Sandeman obtained for the male fish in the shallo\v water of 
the area in 1947. 
8.15 Hermitage Bay - ICNli' Division _E. 
l!'igure 8. 4 shows Surkova' s 1960 data for ICN.AF Division 
JP and the fitted Bertalanffy curves for our data from JP 
(Hermitage Bay, Section 2, this paper). 
growth-rates are considerably fa.ster. 
8.16 Gulf of St. Lawrence 
Once again Surkova's 
Steele (1957) has shovm the results of age estimations from 
the otoliths of a small sample of 101 redfish tru~en in the Gulf of 
St. Lawrence. These results and the fitted Bertalanffy curves 
for our data from the area (Section 4,, this paper,) are shown 
in Fig. 8.5. ~he difference between age estimates is very 
great incieed, and is likely d'!le to difi'erences in the basic method 
of age reading. 
8.17 Gulf of Haine 
Bertalanffy gro\'Tth curves have been fitted fo r male and 
female redfish from the data of Kelly and \·;·olf (1959 ) for all 
s·amples collected in the Gulf of Haine in 1951, 1952 and 1953· 
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MALES 
• "'EAN LENGTHS AT AGE - 1960 (SURKOVA,1962) 
---HERMITAGE BAY (SANDEMAN, THIS PAPER) 
FEMALES 
FIGuRE 8..! 
MEAN u:NGTH AT AGE. VALU?.S FOR SURKOVA1 8 (1962) Ill'!:#. FROM 
ICHAF DIVISION :51' AND GROWTH CURVES FOR HERMITAGE aAX (SECTIO.Ii 2, THIS 
PUER) - MENTEJJ,t,. 
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The curves ~ f'tt d t 'v'ere l e o the unsmoothed length at age data 
for aces 1 to 18, for both males and females. These curves, 
together with the mean length at ag·e values to \vhich they vrere 
fitted, are shown. in :C'ig. 8.6. It is unfortunate that we have 
no age estimations for this area, but includeO. in the figure are 
our Bertalanffy curves for liermi tage Bay. It is evident, both 
from the parameters of the fitted curves (below) and the 
curves themselves, that diffe~ences are not very great. 
Gu:).f of Haine Hermitage Bay 
l'lales Females Nales Females 
Loo 3J.4 44.J : J .$~2 J9.7 
K 0.13 0.09 0.12 0.11 
to - 0.5 - o.6 - O.J 0.3 
--------------------------------------------------
The curves for the males ar€ :practically coincident to an age 
of about 14 years, and after this the slightly higher value of 
1
00 
for the liern1itage Bay curve exerts its influence, and causes 
the curves to gradually diverge. The curves for the females do 
not appear quite so similar as do those of the males, but the 
difference in mean length at each age is still less than 1. 5 em 
up to the ar;e of 18, the largest age to which the curve was 
The Bertalanffy curve for the females of Hamil ton fitted. 
Inlet Bank (Section 6, this paper) is also sho·:m, and this 
provides an idea of how the curve for the data of Kelly and 'iiolf 
lie's relative to the curves we have de:c·i ved for various areas 
around l~ewfoundland. 
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8.18 Discussion 
In comparing the growth curves of Surkova with -those of 
Samdeman, it seemf:i most unlikely that the dffferences, which are 
so evident, could have been caused· by between sample differences 
such as might exist due to the samples being obtained in diverse 
depths or localities. It is, in fact, difficult to evade the 
conclusion that the differences found between the results of 
these authors are due mainly . t_o a difference in the basic method 
of age es~imation. Thus, with otoliths being used by the 
. ' · . 
one worker and scales by the other, the difference reduces to 
the much discussed controversy of scales versus otoliths in age 
determination. 
Considerable effort has been spent in comparisons between 
the scale ages and .otolith ages of many different species of 
fisht arid the consensus ·of recent. opinion _has been overwhelmingly 
in favour of the use of otoliths for older fish. 
Kohler, Templeman, Clark and Jensen (1958), who compared 
scale and otolith age determin:~tions for each of 76~· haddock, 
concluded that .above 8 years of age the outer annuli are more 
easily distinguished in the otolith than in the scale, and that 
this led to a tendency for lower .age estimates to be obtained 
for these older fish from scales than from otoliths. Furthermore, 
they conclude that for older, slower-growing stocks of haddock 
the otolith method wilJ probably give more accurate results. 
Saetersdal (1958), investigating the scales and otoliths of 
young haddock, found even in the very earliest years that a 
minority of the scales showed a complete laclc of ~rowth in a 
season of slo\'1 growth. His evidence sugt:;ests that the otolith 
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is a morei sensitive recorder of .the age of the fish than the 
scaie~ He also found, for arctic haddock, that in mature fish 
the outer grm.,rth zones of the otoliths ar~ far more distinct 
and easier to identify than those of the scales, ·which may be 
completely lacking. 
Rollefsen ( 1933) found that. it v,ras often not possible to 
discern· the zones formed in the outer parts of the scales of the 
"skrei 11 , while . the corresponding otolith zones were particu.lax·:ly-
distinct. Schmidt (1955) had the same experience when studying 
the otoliths and scales of saithe, Gadus virens L. from Icelandic 
and Norwegian stocks. Trout (1958) also states that for 
gai;O::I::d!; populations, where the mean age is high, the otolith has 
been shb,ro to give a more consistent age reading than the scale. 
\'lith redfish being such a slow growing species of fish and 
one which .has, even using Surkova's age estimates, the mode of 
the age-frequency distribution at ages greater than 11 years in 
those obtained by otoliths. In this connection, it is 
interesting to note that the fish from Eamil ton Inlet Bank yielded 
otoliths ,.,hich ,.,ere very much clearer and easier to read ·t han 
any of the other area~;~ and presumably the scales were similar; 
in. this· area was fauna. the best agreement between the growth 
curves of Surkova and Sandeman. 
In m~~, · examination of scales, l found them superior to 
~ .' 
otoliths for the f:i.rst two or three years, but at ages greater 
than about seven years difficult to read with any confidence. 
The fact ' that Surkova can read scales to ages of 20 and more says 
much for her prowess at age ·reading . 
.! 
I 
i 
: .... I 
i 
I 
. ! 
-142-
Just as . the lack of agreement between the gro,.,th-curves of 
Surkova and Sandeman emerges so clearly from the comp?risons, so 
also does the presence of -agreement between the curves of 
Kelly and i-'iolf (19 59) for the Gulf of Haine and those discussed 
here for Hermitage Bay. Although the curves are for redfish 
from t\vo different areas, it seems highly probable that the close· 
agreement between the growth-curves reflects a real agreement 
\vi th regard to the basic method oi' age determination. The most 
striking dl.fference between the data presented by Kelly and 
Wolf (1959) and our data is the lack in theGnlf of i'laine of the 
large," very old fish \·Thich seem so common in the samples from 
the Newfoundland area in 1947 - 1953. It seems probable that the 
high sustained fishing pressure to which the Gulf of Haine has 
been subjected has resulted in the relative. absence of the large 
very old fish. In this connection, it is perhaps \i'orth · 
recapitulating that a similar dearth of these large old fish has 
been noted from the Gulf of St. Lawrence in recent years. 
8.2 North American marinus redfish 
Unfortunately the only data. that has been published for 
marinus redfish in the ICNAF Area are from Subarea 1. Some 
age frequencies are sho\'m in the ICNAll' Sampling Yearbook, and 
Zakharov (1962) shows a table of age and mean length for marinus 
· redfish from the same area. Unfortunately Zakharov's ages were 
determined from scales, and the growth-curve is typical of those 
obtained from scale readings, 
It is astonishing that Zakharov 
is able to read scales and obtain ages to as much as 39 years • 
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Travin' s (1962) age frequency data also shov;s ages to J5 years, 
\d th 5 fish being classed as older than J 5. In vie\v of the basic 
discrepancy that appears between grmvth curves as derived from 
scales and otoliths of mentella redfish from the same area, it 
seems that little is to be gained by comparing, between diff erent 
areas, marinus growth curves which have .been ·d.erived from otolith 
As the available detailed data on 
or scale age determinations. 
age and growth from both mentella and marin'!§. of .the Northeast 
Atlantic (with the exception of Bratberg, 1955, 1956a and ~956b 
and Trout, l96la who worked only vJi th rather young fish; and 
Kotthaus, 1949, 1952 and 1958) were all from scale· readings, 
it is unlikely that comparisons \rill be · of any real value. 
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